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ALKYL-MODIFIED VINYL ALCOHOL
POLYMER, AND COMPOSITION,
THICKENER, COATING MATERIAL FOR
PAPER, COATED PAPER, ADHESIVE AND
FILM CONTAINING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of PCT/IP2011/
063182 filed on Jun. 8, 2011. This application is based upon
and claims the benefit of priority to the following Japanese
Applications: Application No. 2010-132070 filed on Jun. 9,
2010; Application No. 2010-223798 filed on Oct. 1, 2010;
Application No. 2011-014832 filed on Jan. 27, 2011; Appli-
cation No. 2011-052249 filed on Mar. 9, 2011; and Applica-
tion No. 2011-063339 filed on Mar. 22, 2011.

TECHNICAL FIELD

The present invention relates to a novel alkyl-modified
vinyl alcohol polymer, and a composition, a thickener, a
coating material for papers, a coated paper, an adhesive and a
film containing the same.

BACKGROUND ART

Vinyl alcohol polymers (hereinafter, may be also referred
to as “PVA(s)”) have superior film forming properties, inter-
face characteristics and strength characteristics as a few water
soluble crystalline macromolecules. Therefore, PVAs have
been playing an important role as basic materials of thicken-
ers, coating materials for papers, adhesives, fiber processing
agents, binders, emulsion stabilizers, films and fibers, and the
like.

Furthermore, in order to improve certain performances of
PVAs, a variety of modified PVAs have been developed by
way of controlling crystallinity as well as introduction of a
functional group, etc. Among the modified PVAs, alkyl-
modified PVAs having an alkyl group introduced thereto are
known to present an alkyl group (hydrophobic group) inter-
action in an aqueous solvent, thereby increasing thickening
properties (see Japanese Unexamined Patent Application,
Publication No. S55-47256). The alkyl-modified PVAs
exhibit more superior thickening properties as the content of
alkyl groups increases; however, a too high content of the
alkyl groups leads to inferior water solubility. Therefore, in
attempts to increase water solubility and the like, alkyl-modi-
fied PVAs having an ionic functional group introduced
thereto were proposed (see Japanese Unexamined Patent
Application, Publication Nos. 558-15055, S59-78963 and
H8-60137). In addition, for the purpose of increasing perfor-
mances as an emulsion stabilizer, a modified PVA similarly
having an alkyl group and an ionic functional group (carboxyl
group) was proposed (see Japanese Unexamined Patent
Application, Publication No. H8-281092).

However, when an ionic functional group is introduced
into an alkyl-modified PVA, a disadvantage may occur in the
case in which the alkyl-modified PVA coexists with a sub-
stance having opposite ionicity, that binding with the sub-
stance results in deterioration of the thickening properties and
storage stability. In addition, when used in, for example,
films, adhesives, etc., the alkyl-modified PVA having an ionic
functional group introduced thereto may have insufficient
water resistance due to the presence of the ionic functional
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group, and when produced into films, for example, a disad-
vantage of deterioration of water repellency on the surface
may also occur.

Furthermore, since PVAs are water soluble as described
above, the case in which drying is carried out at particularly
low temperatures is accompanied by a problem of insufficient
water resistance of the coating film obtained. In order to solve
this problem, a variety of improvements of PVAs or compo-
sitions thereof have been investigated. As a method for
improving the water resistance, for example, a method in
which a PVA is crosslinked with glyoxal, glutaraldehyde, a
dialdehyde starch, a water soluble epoxy compound, a methy-
lol compound or the like has been known. However, for
making the coating film sufficiently water resistant by this
method, it is necessary to carry out a heat treatment at tem-
peratures as high as no less than 100° C., particularly no less
than 120° C. for a long period of time.

In addition, according to a method in which a PVA-coating
film is made water resistant by drying at low temperatures, a
technique of preparing an aqueous PVA solution to give a
strongly acidic condition such as for example, a pH of no
greater than 2 has been known. However, in this case, a
disadvantage of impaired viscosity stability of the aqueous
PVA solution to result in gelation during use, and the like may
occur, and also it would not be possible to attain sufficient
water resistance of the coating film obtained.

Moreover, a method in which a carboxyl group-containing
PVA is crosslinked with a polyamide epichlorohydrin resin; a
method in which an acetoacetyl group-containing PVA is
crosslinked with a polyvalent aldehyde compound such as
glyoxal; a method in which crosslinking is permitted with a
polyfunctional epoxy compound, a polyfunctional carboxy
compound or a boron compound (see Japanese Unexamined
Patent Application, Publication No. 2010-111969); and the
like have been also investigated. However, when the
crosslinking agent used in each of these methods is employed,
a disadvantage of impaired viscosity stability of the aqueous
PVA solution (coating material), etc., may occur.

On the other hand, adhesives containing a PVA as a prin-
cipal component are inexpensive and have superior adhesive-
ness, and have been used for adhering paper boards, corru-
gated cardboards, paper tubes, sliding doors (i.e., fusuma),
wall papers, wood building materials, and the like. In addi-
tion, adhesives containing a mixture of various types of emul-
sion and a PVA have been used as adhesives for woodwork-
ing, for fiber processing and for papers, and the like.
Accordingly, the aqueous adhesives containing a PVA (i.e.,
PVA type aqueous adhesives) have been used for a broad
range of intended usage. However, also with regard to PVA
type aqueous adhesives, in order to meet an increase in coat-
ing process speed and the like in recent years, further
improvement of adhesiveness that includes initial adhesive-
ness, as well as storage stability (viscosity stability and dis-
persion stability), and the like has been desired.

Under such circumstances, (1) an adhesive containing a
PVA, a clay and a water soluble boron compound as principal
components (see Japanese Unexamined Patent Application,
Publication No. S62-195070), (2) a PVA type adhesive con-
taining a certain metal salt (see Japanese Unexamined Patent
Application, Publication No. H4-239085), (3) an adhesive
containing a modified polyvinyl alcohol having an ethylene
unit in an amount of 1 to 20 mol %, a starch and a saccharide
(see Japanese Unexamined Patent Application, Publication
No. H11-21530), and (4) an adhesive containing a vinyl alco-
hol polymer that includes 1.8 to 3.5 mol % 1,2-glycol bond in
the molecule and has a degree of saponification of no less than
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90 mol %, and an inorganic filler (see Japanese Unexamined
Patent Application, Publication No. 2001-164219) were pro-
posed.

The adhesive (1) can improve initial adhesiveness and has
been industrially used broadly in manufacture of corrugated
cardboards, and the like. However, use of a boron compound
by which influences on the environment are concerned has
been gradually restricted in recent years, and thus an alterna-
tive thereof has been strongly desired. In addition, a large
number of attempts to improve initial adhesiveness similarly
by using a candidate compound of a crosslinking agent of a
PVA (for example, urea-formalin based resin, etc.) have been
also made. However, there are some cases in which safety of
the compound used as a crosslinking agent is substantially
concerned, and also viscosity stability of the composition is
not yet sufficient in many cases under current circumstances.

In addition, although the adhesive (2) has improved initial
adhesiveness, its storage stability is problematic, and is thus
not industrially satisfactory enough.

Furthermore, the adhesives (3) and (4) also have improved
adhesiveness and storage stability to some extent; however,
they do not sufficiently meet demands for an increase in
coating process speed in recent years.

Additionally, these PVA type adhesives may be used as a
mixture with various types of emulsion as described above for
the purpose of improving adhesiveness and the like by
increasing the concentration of the solid content, etc.,
improvement of the aforementioned performances (i.e., adhe-
siveness, storage stability, and the like) have been still desired
for these adhesives.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Unexamined Patent Applica-
tion, Publication No. S55-47256

Patent Document 2: Japanese Unexamined Patent Applica-
tion, Publication No. S58-15055

Patent Document 3: Japanese Unexamined Patent Applica-
tion, Publication No. S59-78963

Patent Document 4: Japanese Unexamined Patent Applica-
tion, Publication No. H8-60137

Patent Document 5: Japanese Unexamined Patent Applica-
tion, Publication No. H8-281092

Patent Document 6: Japanese Unexamined Patent Applica-
tion, Publication No. 2010-111969

Patent Document 7: Japanese Unexamined Patent Applica-
tion, Publication No. S62-195070

Patent Document 8: Japanese Unexamined Patent Applica-
tion, Publication No. H4-239085

Patent Document 9: Japanese Unexamined Patent Applica-
tion, Publication No. H11-21530

Patent Document 10: Japanese Unexamined Patent Applica-
tion, Publication No. 2001-164219

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

The present invention was made in view of the foregoing
circumstances, and an object of the invention is to provide a
novel alkyl-modified PVA capable of exerting superior thick-
ening properties while maintaining high water solubility, and
also capable of having high water resistance in a state being
hardened without using an especial crosslinking agent. In
addition, another object of the invention is to provide a com-
position, a thickener, a coating material for papers, a coated
paper, an adhesive and a film containing the alkyl-modified
PVA.
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Means for Solving the Problems

An alkyl-modified PVA according to an aspect of the
present invention made for solving the above problems con-
tains

(a) a monomer unit represented by the following general
formula (I):

@

RZ
_CHZ_T_
C R!
O/ \N/
H

wherein, R! represents a linear or branched alkyl group

having 8 to 29 carbon atoms; and R? represents a hydro-

gen atom or an alkyl group having 1 to 8 carbon atoms,

and has a viscosity average degree of polymerization of no

less than 200 and no greater than 5,000, a degree of saponi-

fication of no less than 20 mol % and no greater than 99.99

mol %, and a content of the monomer unit (a) of no less than
0.05 mol % and no greater than 5 mol %.

According to the alkyl-modified PVA, superior thickening
properties can be exerted while maintaining high water solu-
bility due to the presence of hydrophobic R* and a hydrophilic
amide bond included in the monomer unit (a). In addition, the
alkyl-modified PVA can have high water resistance in a state
being hardened (hereinafter, the water resistance in a state
being hardened may be merely referred to also as water resis-
tance) due to having the monomer unit (a). Furthermore,
when the viscosity average degree of polymerization, the
degree of saponification and the content of the monomer unit
(a) fall within the above range in the alkyl-modified PVA, the
aforementioned characteristics can be improved. Therefore,
the alkyl-modified PVA can be suitably used in, for example,
thickeners, coating materials for papers, adhesives, films, and
the like.

R! in the above formula (I) is preferably a linear or
branched alkyl group having 15 to 26 carbon atoms. When
such a long chain alkyl group is incorporated as R', the
thickening properties, water resistance and the like can be
further enhanced.

The degree of saponification of the alkyl-modified PVA is
preferably no less than 60 mol % and no greater than 99.9 mol
%. When the degree of saponification falls within such a
range, an interaction between hydrophobic groups of the
alkyl-modified PVA more effectively occurs, whereby, for
example, the water resistance can be enhanced.

The alkyl-modified PVA is preferably obtained by saponi-
fication of a copolymer of an unsaturated monomer repre-
sented by the following general formula (II):

an

wherein, R' and R? are similarly defined to those in the
above formula (I),
with a vinyl ester monomer.
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In the alkyl-modified PVA, the content of a monomer unit
(b) having a carboxyl group is preferably less than 0.1 mol %.
Such a lowered content of the monomer unit (b) having a
carboxyl group enables the water resistance and the like of the
alkyl-modified PVA to be more effectively attained.

The composition according to one aspect of the present
invention contains the alkyl-modified PVA. Since the com-
position contains the alkyl-modified PVA according to the
aspect of the present invention, it can be suitably used as a
thickener, a coating material for papers, an adhesive, a film, a
paint, a binder, a fiber sizing agent, and the like.

It is preferred that the composition further contains water
and an oil component, and the content of the alkyl-modified
PVA with respect to 100 parts by mass of the oil component is
no less than 0.1 parts by mass and no greater than 50 parts by
mass. The composition has superior stickiness and is also
excellent in storage stability.

The thickener according to one aspect of the present inven-
tion contains the alkyl-modified PVA. Since the thickener
contains the alkyl-modified PVA, a superior thickening func-
tion can be exerted even if used in a small amount.

It is preferred that the thickener further contains water or a
water-containing solvent. Such a thickener can be suitably
used as a liquid form thickener.

The coating material for papers according to one aspect of
the present invention contains the alkyl-modified PVA. Due
to containing the alkyl-modified PVA, the coating material
for papers enables strength and water resistance of a coating
film obtained by coating on the surface of a paper to be
enhanced without using an especial crosslinking agent. The
reason for such a benefit, although uncertain, is believed to
result from drying in a state in which, for example, alkyl
groups (R') in the monomer unit (a) are associated with one
another.

The coated paper according to one aspect of the present
invention includes the coating material for papers provided
by coating on the surface of a paper. Since the coated paper
includes the coating material for papers provided by coating
on the surface thereof, it has superior strength, water resis-
tance and the like of the surface thereof.

The adhesive according to one aspect of the present inven-
tion contains the alkyl-modified PVA. Due to containing the
alkyl-modified PVA, the adhesive achieves superior initial
adhesiveness, storage stability and the like. The reason for
such a benefit, although uncertain, is believed to concern an
association of, for example, alkyl groups (R') in the monomer
unit (a) with one another to serve as if it is a crosslinking
agent, thereby resulting in improvement of the initial adhe-
siveness, and improvement of the storage stability owing to a
balance of hydrophobicity and hydrophilicity originated from
the structure of the monomer unit (a), and the like.

It is preferred that the adhesive further contains a polymer
in the state of an emulsion, the polymer being obtained from
atleast one monomer selected from the group consisting of an
ethylene unsaturated monomer and a diene monomer. When
the adhesive is used as a mixture with an emulsion of such a
polymer, drying characteristics and strength after adhesion
can be further enhanced while attaining superior initial adhe-
siveness, storage stability and the like.

It is preferred that the adhesive further contains a filler.
When the adhesive further contains a filler, drying character-
istics, strength after adhesion and the like can be enhanced.

The adhesive can be suitably used for papers or for wood-
working.
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The film according to one aspect of the present invention
contains the alkyl-modified PVA. Dueto containing the alkyl-
modified PVA, the film attains superior water repellency of
the surface, and the like.

A contact angle of the film relative to water is preferably no
less than 70°. Since the film has such a great contact angle,
more superior water repellency of the surface can be attained.

Effects of the Invention

As explained in the foregoing, the alkyl-modified PVA
according to an aspect of the present invention is capable of
exerting superior thickening properties while maintaining
high water solubility, and also capable of having high water
resistance in a state being hardened without using an especial
crosslinking agent. Therefore, the alkyl-modified PVA can be
suitably used in, for example, thickeners, coating materials
for papers, adhesives, film, and the like.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the alkyl-modified PVA, the
composition, the thickener, the coating material for papers,
the coated paper, the adhesive and the film will be explained
in detail in sequence.
<Alkyl-Modified PVA>

The alkyl-modified PVA contains (a) a monomer unit rep-
resented by the following general formula (I). More specifi-
cally, the alkyl-modified PVA is a copolymer of the monomer
unit (a) with a vinyl alcohol monomer unit (—CH,—
CHOH—), and may further have other monomer unit.

08)
RZ
_CHZ_T_
C R!
o Sn”
H

In the formula (I), R* represents a linear or branched alkyl
group having 8 to 29 carbon atoms; and R” represents a
hydrogen atom or an alkyl group having 1 to 8 carbon atoms.
It is to be noted that the R* and R* may have a substituent such
as a halogen atom in the range not to impair the effects of the
present invention, but preferably R* and R? do not have such
a substituent.

Although the number of carbon atoms included in the
linear or branched alkyl group represented by R' is 8 or
greater and 29 or less, the number is preferably 10 or greater
and 28 or less, more preferably 12 or greater and 27 or less,
still more preferably 15 or greater and 26 or less, and particu-
larly preferably 17 or greater and 24 or less. When the number
of carbon atoms is less than 8, interaction of the alkyl groups
with one another in the alkyl-modified PVA does not occur;
therefore, superior thickening properties, water resistance,
adhesiveness, water repellency of the surface attained when
formed into a film, and the like are not sufficiently achieved.
To the contrary, when the number of carbon atoms is greater
than 29, water solubility and the like of the alkyl-modified
PVA are deteriorated.

Although the R? represents a hydrogen atom or an alkyl
group having 1 to 8 carbon atoms, a hydrogen atom or a
methyl group is preferred in light of ease in synthesis, and the
like.
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The content of the monomer unit (a) in the alkyl-modified
PVA is no less than 0.05 mol % and no greater than 5 mol %.
Furthermore, the content is more preferably no less than 0.1
mol %, and more preferably no less than 0.2 mol %. More-
over, the content is preferably no greater than 2 mol %, and
more preferably no greater than 1 mol %. It is to be noted that
the content of the monomer unit (a) as referred to herein
means a content of the monomer unit (a) represented by the
above formula (I) occupying the total structural units consti-
tuting the alkyl-modified PVA. Also, when the alkyl-modified
PVA does not contain any other alkyl-modified monomer unit
in addition to the monomer unit (a) represented by the above
formula (I), the content of the monomer unit (a) corresponds
to a percentage of alkyl modification (percentage of modifi-
cation with alkyl), as generally referred to.

When the content of the monomer unit (a) is greater than 5
mol %, the proportion of the hydrophobic group contained
per molecule of the alkyl-modified PVA increases, whereby
the water solubility of the alkyl-modified PVA decreases. On
the other hand, when the content of the monomer unit (a) is
less than 0.05 mol %, superior water solubility of the alkyl-
modified PVA is attained; however, due to the number of alkyl
unit included in the alkyl-modified PVA being so small,
physical properties derived from the alkyl modification such
as thickening properties, water resistance, adhesiveness, stor-
age stability, strength when formed into a coating film, and
water repellency of the surface attained when formed into a
film are not sufficiently attained.

The content of the monomer unit (a) can be determined
from proton NMR of the alkyl-modified vinyl ester polymer
that is a precursor of the alkyl-modified PVA. Specifically,
reprecipitation purification of the alkyl-modified vinyl ester
polymer with n-hexane/acetone sufficiently carried out at
least three times is followed by drying under a reduced pres-
sure at 50° C. for 2 days to produce a sample for the analysis.
This sample is dissolved in CDCl;, and the measurement is
carried out with proton NMR (JEOL GX-500) at 500 MHz at
room temperature.

In this process, for example, the content can be calculated
according to the following method in the case in which: an
alkyl-modified monomer unit other than the monomer unit (a)
is not included; R* is linear; and R? represents a hydrogen
atom. More specifically, the content of the monomer unit (a):
S is calculated from a peak a (4.7 to 5.2 ppm) assigned to
main chain methine of the alkyl-modified vinyl ester polymer,
and a peak p (0.8 to 1.0 ppm) derived from the terminal
methyl group of the alkyl group R*, according to the follow-
ing formula:

S(mol %)={(number of protons of peak B/3)/(number
of protons of peak a+(number of protons of peak
$/3))}x100

The content of the monomer unit (b) having a carboxyl
group in the alkyl-modified PVA is preferably less than 0.1
mol %, and more preferably no greater than 0.01 mol %.
When the content of the monomer unit (b) is no less than 0.1
mol %, the adhesiveness, the water resistance, the storage
stability, the strength when formed into a coating film, and the
like may be deteriorated, and the hydrophilicity may increase
when formed into a film, whereby the contact angle may be
decreased. It is to be noted that the content of the monomer
unit (b) as referred to herein means a content of the monomer
unit (b) occupying the total structural units constituting the
alkyl-modified PVA, and may be determined from proton
NMR similarly to the content of the monomer unit (a)
described above.
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The viscosity average degree of polymerization of the
alkyl-modified PVA is no less than 200 and no greater than
5,000. It is to be noted that the viscosity average degree of
polymerization may be merely referred to as “degree of poly-
merization”. The degree of polymerization greater than 5,000
is not practical since the productivity of the alkyl-modified
PVA is deteriorated. To the contrary, when the degree of
polymerization is less than 200, each characteristic of the
alkyl-modified PVA such as the thickening properties, the
water resistance, the initial adhesiveness, and the strength
when formed into a coating film or a film may not be suffi-
ciently achieved. The lower limit of the degree of polymer-
ization is preferably 500, and more preferably 1,000, in light
of'enhancement of the strength of the coating film and/or the
film containing the alkyl-modified PVA.

The viscosity average degree of polymerization (P) is mea-
sured in accordance with JIS-K6726. More specifically, the
viscosity average degree of polymerization (P) is determined
according to the following formula from a limiting viscosity
[M] (unit: dl/g) measured in water at 30° C. after the alkyl-
modified PVA is resaponified and purified.

P=([n]x10%/8.29)(1/*2

The degree of saponification of the alkyl-modified PVA is
necessarily no less than 20 mol % and no greater than 99.99
mol %, and preferably no less than 40 mol % and no greater
than 99.9 mol %. In particular, when water resistance is
particularly required, the degree of saponification of the
alkyl-modified PVA is more preferably no less than 60 mol %
and no greater than 99.9 mol %, still more preferably no less
than 70 mol % and no greater than 99.9 mol %, particularly
preferably no less than 80 mol % and no greater than 99.9 mol
%, and most preferably no less than 96 mol % and no greater
than 99.9 mol %.

When the degree of saponification is less than 20 mol %,
the water solubility and the like of the alkyl-modified PVA are
deteriorated and association performances (i.e., crosslinking
performances) brought by an interaction of hydrophobic
groups are deteriorated, whereby the thickening properties,
the water resistance, the adhesiveness, the strength when
formed into a coating film and the water repellency of the
surface attained when formed into a film are also deteriorated.
To the contrary, the degree of saponification exceeding 99.99
mol % is not practical since production of the alkyl-modified
PVA may be difficult. It is to be noted that the degree of
saponification of the alkyl-modified PVA is a value obtained
by measurement in accordance with JIS-K6726.

The alkyl-modified PVA enables superior thickening prop-
erties and the like to be exerted while maintaining the water
solubility as described above, due to the presence of the
hydrophobic R! and hydrophilic amide bond included in the
monomer unit (a). In addition, due to having the monomer
unit (a), the alkyl-modified PVA can have high water resis-
tance in a state being hardened. Moreover, when the viscosity
average degree of polymerization, the degree of saponifica-
tion and the content of the monomer unit (a) fall within the
above range in the alkyl-modified PVA, the characteristics
described above can be improved. Therefore, the alkyl-modi-
fied PVA can be suitably used in for example, thickeners,
coating materials for papers, adhesives, films, and the like.
<Method for Producing Alkyl-Modified PVA>

Although the method for producing the alkyl-modified
PVA is not particularly limited, a method in which an unsat-
urated monomer represented by the following general for-
mula (II) is copolymerized with a vinyl ester monomer, and
the obtained alkyl-modified vinyl ester polymer is saponified
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is preferred. In this method, the copolymerization is suitably
carried outin an alcohol solvent or in the absence of a solvent.

an
RZ

C
\C/ \C/
| |
H

i N
\Rl

¢}

In the formula (II), R and R? are similarly defined to those
in the above formula (I).

Specific examples of the unsaturated monomer represented
by the above formula (II) include N-octylacrylamide, N-de-
cylacrylamide, N-dodecylacrylamide, N-octadecylacryla-
mide, N-hexacocylacrylamide, N-octylmethacrylamide,
N-decylmethacrylamide, N-dodecylmethacrylamide, N-oc-
tadecylmethacrylamide, N-hexacocylmethacrylamide, and
the like. Among these, the unsaturated monomer represented
by the above formula (II) is preferably N-octadecylacryla-
mide, N-octylmethacrylamide, N-decylmethacrylamide,
N-dodecylmethacrylamide, N-octadecylmethacrylamide and
N-hexacocylmethacrylamide, more preferably N-octadecy-
lacrylamide, N-dodecylmethacrylamide and N-octadecyl-
methacrylamide, and still more preferably N-octadecylacry-
lamide and N-octadecylmethacrylamide.

Examples of the vinyl ester monomer include vinyl for-
mate, vinyl acetate, vinyl propionate, vinyl butyrate, vinyl
isobutyrate, vinyl pivalate, vinyl versatate, vinyl caproate,
vinyl caprylate, vinyl laurate, vinyl palmitate, vinyl stearate,
vinyl oleate, vinyl benzoate, and the like. Of these, vinyl
acetate is preferred.

In copolymerizing the unsaturated monomer represented
by the general formula (II) with the vinyl ester monomer,
other monomer may be copolymerized within the range notto
depart from the principles of the present invention. Examples
of the monomer which may be used include:

a-olefins such as ethylene, propylene, n-butene and isobu-
tylene;

vinyl ethers such as methyl vinyl ether, ethyl vinyl ether,
n-propyl vinyl ether, i-propyl vinyl ether, n-butyl vinyl ether,
i-butyl vinyl ether, t-butyl vinyl ether and 2,3-diacetoxy-1-
vinyloxypropane;

nitriles such as acrylonitrile and methacrylonitrile;

halogenated vinyls such as vinyl chloride and vinyl fluo-
ride;

halogenated vinylidenes such as vinylidene chloride and
vinylidene fluoride;

allyl compounds such as allyl acetate, 2,3-diacetoxy-1-
allyloxypropane and allyl chloride;

vinylsilyl compounds such as vinyltrimethoxysilane;

isopropenyl acetate; and the like.

Additionally, in copolymerization of the unsaturated
monomer represented by the general formula (II) with the
vinyl ester monomer, the copolymerization may be carried
out in the presence of a chain transfer agent for the purpose of
adjusting the degree of polymerization of the copolymer
obtained, and the like, within the range not to depart from the
principles of the present invention. Examples of the chain
transfer agent include:

aldehydes such as acetaldehyde and propionealdehyde;

ketones such as acetone and methy] ethyl ketone;

mercaptans such as 2-hydroxyethanethiol;

halogenated hydrocarbons such as trichloroethylene and
perchloroethylene;
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phosphinic acid salts such as sodium phosphinate mono-
hydrate;
and the like. Among these, aldehydes and ketones are suitably
used.

The amount of the chain transfer agent added may be
determined in accordance with the chain transfer constant of
the chain transfer agent added, and the degree of polymeriza-
tion of the intended alkyl-modified vinyl ester polymer, and is
preferably 0.1 to 10% by mass with respect to the vinyl ester
monomet, in general.

The temperature employed when the copolymerization of
the unsaturated monomer represented by the general formula
(II) with the vinyl ester monomer is carried out is preferably
0 to 200° C., and more preferably 30 to 140° C. When the
temperature during carrying out the copolymerization is
lower than 0° C., sufficient polymerization rate is not likely to
be attained. In addition, when the temperature in carrying out
the polymerization is higher than 200° C., an alkyl-modified
PVA having the content of the monomer unit (a) specified
according to the present invention is not likely to be obtained.
As a method for adjusting the temperature employed in car-
rying out the copolymerization is adjusted to 0 to 200° C., for
example, a method in which the polymerization rate is regu-
lated to make a balance between heat generation resulting
from the polymerization and heat radiation from the surface
of the reaction vessel, a method of adjusting the temperature
by an external jacket using an appropriate heating medium,
and the like may be exemplified, and the latter method is
preferred in light of safety.

Polymerization system employed in copolymerizing the
unsaturated monomer represented by the general formula (II)
with the vinyl ester monomer may involve any of batch poly-
merization, semi-batch polymerization, continuous polymer-
ization and semi-continuous polymerization. As the polymer-
ization method, a well-known arbitrary process such as a bulk
polymerization process, a solution polymerization process, a
suspension polymerization process or an emulsion polymer-
ization process may be employed. Among these, a bulk poly-
merization process in which polymerization is carried out in
the absence of a solvent or in an alcohol solvent, or a solution
polymerization process is suitably employed. In the case in
which production of a copolymer having a high degree of
polymerization is intended, an emulsion polymerization pro-
cess is employed.

Examples of the alcohol solvent which may be used
include methanol, ethanol, n-propanol and the like, but not
limited thereto. Also, these solvents may be used as a mixture
of two or more types thereof.

As an initiator for use in the copolymerization, a conven-
tionally well-known azo type initiator, peroxide type initiator,
redox type initiator or the like may be appropriately selected
in accordance with the polymerization method. Examples of
the azo type initiator include 2,2'-azobisisobutyronitrile, 2,2'-
azobis(2,4-dimethylvaleronitrile), 2,2'-azobis(4-methoxy-2,
4-dimethylvaleronitrile) and the like. Examples of the perox-
ide type initiator include percarbonate compounds such as
diisopropyl peroxydicarbonate, di-(2-ethylhexyl) peroxydi-
carbonate and diethoxyethyl peroxydicarbonate; perester
compounds such as t-butyl peroxyneodecanate, a.-cumyl per-
oxyneodecanate and t-butyl peroxydecanate; acetyl cyclo-
hexylsulfonyl peroxide; 2,4,4-trimethylpentyl-2-peroxyphe-
noxyacetate, and the like. Furthermore, the foregoing initiator
may be combined with potassium persulfate, ammonium per-
sulfate, hydrogen peroxide or the like to provide an initiator.
In addition, as the redox type initiator, a combination of the
aforementioned peroxide with a reducing agent such as
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sodium bisulfite, sodium bicarbonate, tartaric acid, L-ascor-
bic acid or Rongalite may be exemplified.

It is to be noted that when the copolymerization of the
unsaturated monomer represented by the general formula (IT)
with the vinyl ester monomer is carried out at a high tempera-
ture, coloring, etc., of the alkyl-modified PVA resulting from
degradation of the vinyl ester monomer may be found. In this
case, addition of an antioxidant such as tartaric acid to the
polymerization system for the purpose of preventing coloring
in an amount of about 1 to 100 ppm with respect to the vinyl
ester monomer is acceptable.

As a saponification reaction of the alkyl-modified vinyl
ester polymer obtained by the copolymerization, a well-
known alcoholysis reaction or hydrolysis reaction may be
employed in which a basic catalyst such as sodium hydroxide,
potassium hydroxide or sodium methoxide, or an acidic cata-
lyst such as p-toluenesulfonic acid is used. The solvent which
may be used in this reaction is exemplified by: alcohols such
as methanol and ethanol; esters such as methyl acetate and
ethyl acetate; ketones such as acetone and methyl ethyl
ketone; aromatic hydrocarbons such as benzene and toluene,
and the like. These may be used either alone, or in combina-
tion of two or more thereof. Among these, carrying out a
saponification reaction using methanol or a mixture solution
of methanol and methyl acetate as a solvent, and sodium
hydroxide as a catalyst is preferred due to the convenience.
<Composition>

The composition according to one aspect of the present
invention contains the alkyl-modified PVA. The composition
may be in the form of a liquid containing the alkyl-modified
PVA, a solvent and the like, or in the form of a solid provided
by hardening of the liquid form composition by drying or the
like. It is to be noted that a thickener, a coating material for
papers, as well as a coating film, an adhesive and a film
obtained therefrom which will be described later are also
included in the composition. The case in which the composi-
tion is in the form of a liquid is explained below.

Although the solvent is not particularly limited, it is typi-
cally water, or may be other organic solvent such as an alcohol
described later. Also, the solvent may be a mixed solvent of
water with an organic solvent.

Although the concentration of the alkyl-modified PVA in
the liquid form composition is not particularly limited, for
example, when the solvent is water, the concentration may be
no less than 1% by mass and no greater than 10% by mass.
The composition can have a comparatively high concentra-
tion due to the high water solubility of the alkyl-modified
PVA.

Since the liquid form composition contains the alkyl-modi-
fied PVA, when, for example, made into the form of a film, the
coating film obtained by drying has high water resistance.
The water resistance of the coating film can be evaluated by
immersing the coating film in distilled water at 20° C. for 24
hours, and thereafter measuring the elution percentage of the
coating film. The elution percentage is preferably less than
20% by mass, more preferably less than 10% by mass, and
still more preferably less than 5% by mass.

The liquid form composition may contain a crosslinking
agent, a plasticizer, a surfactant, a defoaming agent, an ultra-
violet ray absorbing agent and the like of well-known various
types within the range not to deteriorate the effects of the
present invention.

The liquid form composition can be suitably used for each
intended usage in which water resistance is desired, for
example, as a coating material for papers (clear coating agent,
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pigment coating agent, internal sizing agent, binder for over
coating on thermal papers, etc.), a binder, an adhesive, a fiber
sizing agent, and the like.

The liquid form composition may contain water and an oil
component in addition to the alkyl-modified PVA. The com-
position has superior stickiness and is also excellent in stor-
age stability.

The oil component is typically present in the state of an
emulsion which is dispersed in water. Such a dispersion liquid
is exemplified by preexisting aqueous emulsion dispersion
liquids such as an aqueous polyacrylate dispersion liquid, an
aqueous dispersion liquid of a homopolymer or copolymer of
an olefinic unsaturated monomer, an aqueous polyvinyl
acetate dispersion liquid, an aqueous polyurethane dispersion
liquid, and an aqueous polyester dispersion liquid.

The content of the alkyl-modified PVA in the composition
with respect to 100 parts by mass of the oil component is
preferably no less than 0.1 parts by mass and no greater than
50 parts by mass, and more preferably no less than 0.3 parts
by mass and no greater than 5 parts by mass. When the content
of the alkyl-modified PVA {falls within the above range, the
stickiness and the storage stability of the composition can be
attained with a good balance.

Itis to be noted that in order to improve the storage stability
of the composition, comparatively increasing the degree of
polymerization and the content of the monomer unit (a) of the
PVA is preferred.
<Thickener>

Since the thickener according to one aspect of the present
invention contains the alkyl-modified PVA, superior thicken-
ing properties can be exerted.

The thickener may be either a powder form thickener
including the alkyl-modified PVA, or a liquid form thickener
containing water or a water-containing solvent. The liquid
form thickener is suitable when used relative to water dispers-
ible emulsions such as paints, adhesive, and the like.

The solvent included in the water-containing solvent is not
particularly limited, but examples of the solvent include:
alcohol solvents such as methanol and ethanol; ester solvents
such as methyl acetate and ethyl acetate; ether solvents such
as diethyl ether, 1,4-dioxane, methylcellosolve, cellosolve,
butylcellosolve, MTBE (methyl-t-butyl ether) and butylcar-
bitol; ketone solvents such as acetone and diethyl ketone;
glycol solvents such as ethylene glycol, propylene glycol,
diethylene glycol and triethylene glycol; glycol ether solvents
such as diethylene glycol monomethyl ether, triethylene gly-
col monomethyl ether, propylene glycol monomethyl ether
and 3-methoxy-3-methyl-1-butanol; glycol ester solvents
such as ethylene glycol monomethyl ether acetate, PM A (pro-
pylene glycol monomethyl ether acetate), diethylene glycol
monobutyl ether acetate and diethylene glycol monoethyl
ether acetate, and the like.

When the thickener is in the form of a liquid, the amount of
the alkyl-modified PVA blended with respect to 100 parts by
mass of the solvent is preferably 1 to 50 parts by mass, and
more preferably 3 to 30 parts by mass. Such a liquid form
thickener is produced by adding the alkyl-modified PVA to
water or a water-containing solvent, followed by heat mixing.

To the liquid form thickener, various types of plasticizer,
surfactant, defoaming agent, ultraviolet ray absorbing agent
and the like may be blended within the range not to deteriorate
the effects of the present invention.

In addition, the thickener may be blended with well-known
various types of PVA, other water soluble macromolecules
such as a starch, carboxymethyl cellulose, methyl cellulose,
hydroxymethyl cellulose, hydroxyethyl cellulose or hydrox-
ypropylmethyl cellulose, similarly within the range not to



US 9,156,928 B2

13

deteriorate the effects of the present invention. The amount of
these other water soluble macromolecules blended is prefer-
ably no greater than 50 parts by mass with respect to 100 parts
by mass of the alkyl-modified PVA.

The thickener exhibit superior thickening properties in
small amounts, and also exhibit stable thickening properties.
Therefore, the thickener can be suitably used as a thickener
for use in water-based solutions and water-based emulsion
solutions such as paints, cements, concretes, binders, adhe-
sives and cosmetics.
<Coating Material for Papers>

The coating material for papers according to one aspect of
the present invention contains the alkyl-modified PVA. The
coating material for papers is typically an aqueous solution of
the alkyl-modified PVA, and other solvent and additives may
be contained.

Although the concentration of the alkyl-modified PVA in
the coating material for papers is not particularly limited, and
in light of coating properties, and the strength, the water
resistance and the like of the resulting coating film, the con-
centration of the alkyl-modified PVA is preferably no less
than 0.5% by mass and no greater than 20% by mass, and
more preferably no less than 1% by mass and no greater than
10% by mass in an aqueous alkyl-modified PVA solution.

The additive contained in the coating material for papers is
exemplified by a filler, various types of macromolecules, a
water proofing agent, a pH adjusting agent, a defoaming
agent, a surfactant, and the like.

Examples of the filler include kaolins, clays, baked clays,
calcium carbonate, titanium oxide, diatomaceous earth, alu-
minum oxide, aluminum hydroxide, synthetic aluminum sili-
cate, synthetic magnesium silicate, polystyrene fine particles,
polyvinyl acetate fine particles, urea-formalin resin fine par-
ticles, precipitative silica, gelatinous silica, silica synthesized
by a gas phase process (hereinafter, may be referred to as gas
phase process silica), colloidal silica, colloidal alumina,
pseudo-boehmite, tale, zeolite, alumina, zinc oxide, satin
white, organic pigment, and the like.

Examples of the macromolecule include unmodified
PVAs, various types of modified PVAs such as sulfonic acid
group-modified PVAs, acrylamide-modified PVAs, cationic
group-modified PVAs and long chain alkyl group-modified
PVAs, water soluble macromolecules such as starches, modi-
fied starches, casein and carboxymethyl cellulose, styrene-
butadiene latexes, emulsions of a synthetic resin such as
polyester acrylate emulsion, vinyl acetate-cthylene copoly-
mer emulsion, vinyl acetate-acrylate ester copolymer emul-
sions, and the like.

The solid content concentration in the coating material for
papers is not particularly limited, and may be appropriately
adjusted to meet the intended usage and the like, but taking
into consideration the coating properties and the like, the
solid content concentration is preferably no less than 1% by
mass and no greater than 65% by mass, more preferably no
less than 1% by mass and no greater than 40% by mass, still
more preferably no less than 1% by mass and no greater than
20% by mass, and particularly preferably no less than 2% by
mass and no greater than 15% by mass.

The coating material for papers can be suitably used for
intended usage in which water resistance is desired such as,
for example, over coating layers of thermal papers. In this
case, the content of the additive typified by fillers is preferably
no less than 50 parts by mass and no greater than 150 parts by
mass, and more preferably no less than 80 parts by mass and
no greater than 120 parts by mass with respect to 100 parts by
mass of the alkyl-modified PVA. Also, the solid content con-
centration of the coating material for papers (paint for over
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coating layers) may be appropriately adjusted to fall within
the range of, for example, no less than 10% by mass and no
greater than 65% by mass.

In addition, the coating material for papers is also suitably
used as a filler binder such as an ink receiving layer binder of
ink jet recording papers. In this case, the coating material for
papers preferably contains the filler as an additive. In such a
case, theratio of the filler such as silica and the alkyl-modified
PVAtobe contained is not particularly limited, with respect to
100 parts by mass of the filler, the alkyl-modified PVA is
contained in an amount of preferably no less than 3 parts by
mass and no greater than 100 parts by mass, more preferably
no less than 5 parts by mass and no greater than 40 parts by
mass, and still more preferably no less than 10 parts by mass
and no greater than 30 parts by mass.

Also, the coating material for papers can be further used as,
for example, a barrier agent and the like. Also in this case,
each of the aforementioned additives may be appropriately
contained. The content of the additive typified by a filler, a
defoaming agent and the like is not particularly limited, and
the content is preferably no less than 1 part by mass and no
greater than 20 parts by mass, and more preferably no less
than 1 part by mass and no greater than 5 parts by mass with
respect to 100 parts by mass of the alkyl-modified PVA. In
addition, the solid content concentration of the coating mate-
rial for papers may be appropriately adjusted within the range
of, for example, no less than 1% by mass and no greater than
20% by mass.

The method of coating the coating material for papers on
the surface of a paper is not particularly limited, and a well-
known coater (i.e., size press coater, air knife coater, blade
coater, roll coater, etc.) may be used. After the coating on the
surface of a paper, an arbitrary step such as a drying step
and/or a calendaring step may be employed as needed.
<Coated Paper>

The coated paper according to one aspect of the present
invention is obtained by coating the coating material for
papers on the surface of a paper. Since the coated paper
includes the coating material for papers coated on the surface,
it is superior in the strength and water resistance on the
surface. The coated paper can be produced by a well-known
method. The coated paper can be suitably used as, for
example, a thermal paper, an ink jet recording paper, a base
paper of a release paper, and the like.
<Adhesive>

The adhesive according to one aspect of the present inven-
tion contains the alkyl-modified PVA. The adhesive is typi-
cally an aqueous solution of the alkyl-modified PVA, and
other additive, etc., may be included.

The concentration of the alkyl-modified PVA in the adhe-
sive is not particularly limited, and in light of coating prop-
erties, adhesiveness, the strength, water resistance etc., of the
adhesion portion, the concentration in an aqueous alkyl-
modified PVA solution is preferably no less than 0.5% by
mass and no greater than 20% by mass, and more preferably
no less than 1% by mass and no greater than 10% by mass.

It is believed that the alkyl-modified PVA contained in the
adhesive forms pseudo-aggregates in water by way of inter-
actions between hydrophobic groups of specified alkyl
groups (R'). The formation is believed to result in achieve-
ment of high viscosity and a thickening behavior as the con-
centration increases, which are important characteristics for
attaining initial adhesive strength, and also the formation
allows storage stability such as dispersion stability and a
settling stability of the filler to be improved. Furthermore,
formation of pseudo-aggregates from the specified alkyl
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groups (R'), followed by drying is believed to result in
improved water resistant adhesiveness.

Note that for increasing the water resistant adhesiveness in
the adhesive, it is preferred to increase a degree of saponifi-
cation of the alkyl-modified PVA, to decrease the content of
the monomer unit (b), and the like.

The adhesive may contain in addition to the alkyl-modified
PVA, a polymer in the state of an emulsion, and/or a filler.
Furthermore, the adhesive may contain other additive.
Examples of the other additive include: dispersants of a metal
saltof a phosphorylated compound such as sodium polyphos-
phate or sodium hexametaphosphate, and dispersants of an
inorganic substance such as a liquid glass; anionic polymer
compounds and metal salts thereof such as polyacrylic acid
and a salt thereof, sodium alginate, and an a-olefin-maleic
anhydride copolymers; nonionic surfactants such as polyeth-
ylene oxide, ethylene oxide adducts of higher alcohols,
copolymers of ethylene oxide with propylene oxide; cellulose
derivatives such as carboxymethyl cellulose and methyl cel-
Iulose; and defoaming agents, antiseptic agents, mildew-
proofing agents, coloring pigments, deodorants, flavors, and
the like.

As a result of containing the polymer in the state of an
emulsion, the adhesive can improve the adhesiveness, and
decrease the burden during drying due to an increase of the
solid content. The polymer contained in the state of an emul-
sion (hereinafter, may be also referred to as “polymer emul-
sion”) is not particularly limited, and is preferably a polymer
(including a copolymer) obtained from at least one monomer
selected from the group consisting of an ethylenically unsat-
urated monomer and a diene monomer.

Examples of the ethylene unsaturated monomer include
olefins such as ethylene, propylene and isobutylene, vinyl
esters such as vinyl acetate, (meth)acrylic acid esters such as
methyl acrylate, ethyl acrylate and butyl acrylate, styrene,
and the like.

In addition, examples of the diene monomer include buta-
diene, isoprene, chloroprene, and the like.

Specific examples of such a polymer emulsion include:

vinyl acetate emulsions such as those of a vinyl acetate
polymer, a vinyl acetate-ethylene copolymer, a vinyl acetate-
vinyl versatate copolymer and a vinyl acetate-(meth)acrylate
ester copolymer;

(meth)acrylate ester emulsions such as those of a methyl
methacrylate/n-butyl acrylate copolymer;

styrene emulsions;

butadiene emulsions such as those of a styrene-butadiene
copolymer and a methyl methacrylate-butadiene copolymer,
and the like.

Among these, vinyl acetate emulsion particles or (meth)
acrylate ester emulsion particles are preferred in light of the
initial adhesiveness and storage stability of the adhesive.

When the emulsion particles of the polymer are contained
together with a dispersion stabilizer, the stability of the state
of'an emulsion can be improved. As the dispersion stabilizer,
a vinyl alcohol polymer, a water soluble cellulose derivative
such as hydroxyethyl cellulose, various types of surfactant or
the like may be used, and of these, a vinyl alcohol polymer is
preferred.

The content of the emulsion which may be used (i.e., the
polymer emulsion particles and the dispersion stabilizer) is
typically no greater than 1,000 parts by mass, preferably no
greater than 700 parts by mass, more preferably no greater
than 500 parts by mass and no less than 100 parts by mass with
respect to 100 parts by mass of the alkyl-modified PVA on the
basis of the solid content.
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The adhesive further containing a filler permits the burden
during drying due to an increase of the solid content to be
decreased, and the strength and hardness after adhesion to be
enhanced.

Examples of the filler include:

inorganic fillers such as clays, e.g., kaolinite, halloysite,
pyrophyllite and sericite, heavy, light or surface treated cal-
cium carbonate, aluminum hydroxide, aluminum oxide, gyp-
sums, talc, and titanium oxide;

organic fillers such as starches, oxidized starches, wheat
flour and wood flours.

Among these, any of various types of clays and various types
of starches can be suitably used.

The content of the filler is preferably no greater than 1,000
parts by mass, more preferably no greater than 500 parts by
mass, and still more preferably no greater than 400 parts by
mass and no less than 50 parts by mass with respect to 100
parts by mass of the alkyl-modified PVA on the basis of the
solid content. When the content of the filler exceeds the above
upper limit, precipitation of the filler may occur during stor-
age, and thus the storage stability may be deteriorated.

The method for preparing the adhesive is not particularly
limited, and a well-known method may be employed. For
example, a method in which a mixture of the alkyl-modified
PVA and other additive such as a filler which was prepared
beforehand is charged into water while stirring, or a method in
which a slurry liquid is prepared by charging in sequence
various types of additives, a filler and the alkyl-modified PVA
into water while stirring, followed by dissolution with heat-
ing, and the like may be exemplified. As the process of heat-
ing, a well-known heating system may be employed such as a
heating system of directly blowing a steam into the slurry
liquid, an indirect heating system by a jacket, or the like. This
preparation may be carried out by either a batchwise system
or a continuous system.

The adhesive is superior in water solubility and initial
adhesiveness, as well as storage stability such as viscosity
stability and a settling stability. In addition, the water resis-
tance after adhesion can be also enhanced by modifying the
structure of the alkyl-modified PVA contained. Therefore, the
water soluble adhesive is suitably used as an adhesive for
papers used in the production or use of corrugated card-
boards, paper bags, paper boxes, paper tubes, wall papers and
the like, as well as an adhesive for woodworking used of
adhering wood building materials with one another, a wood
building material with fibers, a wood building material with a
paper, and a wood building material with a plastic. Also, the
water soluble adhesive can be also used for intended usage in
which a target material of adhesion is fibers such as a fabric or
a nonwoven fabric, a cement molding matter such as a con-
crete, any of various types of plastics, an aluminum foil or the
like. It is to be noted that the intended usage of the adhesive
according to the aspect of the present invention is not limited
thereto.

The viscosity of the adhesive may be arbitrarily selected in
accordance with the intended usage. When high-speed coat-
ing properties are intended, the viscosity in terms of a B type
viscosity is preferably 100 to 10,000 mPa-s at a temperature
of adhesion.
<Film>

The film according to one aspect of the present invention
contains the alkyl-modified PVA. The film can have superior
water repellency of the surface due to including the alkyl-
modified PVA.

The content of the alkyl-modified PVA in the film is typi-
cally no less than 50% by mass, and more preferably no less
than 90% by mass. When the content of the alkyl-modified
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PVA falls within the above range, the water repellency of the
film can be effectively attained.

The film may also contain well-known various types of
plasticizer, surfactant, defoaming agent, ultraviolet ray
absorbing agent and the like, within the range not to deterio-
rate the effects of the present invention.

In addition, the film may contain well-known various types
of PVA, other water soluble macromolecules such as a starch,
carboxymethyl cellulose, methyl cellulose, hydroxymethyl
cellulose, hydroxyethyl cellulose or hydroxypropylmethyl
cellulose, and the like, similarly within the range not to dete-
riorate the effects of the present invention. The amount of
these other water soluble macromolecules blended in the film
is preferably no greater than 50 parts by mass with respect to
100 parts by mass of the alkyl-modified PVA.

The contact angle of the film relative to water is preferably
no less than 70°, more preferably no less than 80°, and still
more preferably no less than 85°. When the contact angle of
the film relative to water is less than 70°, superior water
repellency of the surface may not be attained.

The method for producing the film is exemplified by:

(1) a method in which the alkyl-modified PVA in a water-
retaining state is subjected to a melt extrusion process to
produce a film;

(2) amethod in which a stock solution for film production
prepared by dissolving the alkyl-modified PVA in a solvent is
used to carry out a flow casting film production process or a
wet film production process (i.e., a process including dis-
charging the solution into a poor solvent), a gel film produc-
tion process (i.e., a process including cooling the solution
once to allow for gelation, followed by eliminating the sol-
vent by extraction to obtain a film), or a combination of these,
and the like.

Of'these, a flow casting film production process and a melt
extruded film production process are preferred since a favor-
able film can be obtained.

Examples of the solvent for dissolving the alkyl-modified
PVA used when the film of the present invention is produced
include dimethyl sulfoxide, dimethylformamide, dimethy-
lacetamide, N-methylpyrrolidone, ethylene glycol, propy-
lene glycol, diethylene glycol, triethylene glycol, tetracthyl-
ene  glycol, trimethylolpropane, ethylenediamine,
diethylenetriamine, glycerin, methanol, ethanol, propanol,
water, and the like. These may be used either of one, or two or
more types thereof. Among these, water, or a mixed solvent of
water and glycerin is suitably used.

The film containing the alkyl-modified PVA has such supe-
rior water repellency of the surface, and can be suitably used
as, for example, various types of water-repellent coating
material, surface covering material, and the like.

EXAMPLES

Hereinafter, the present invention will be explained in
detail by way of Examples and Comparative Examples. In the
following Examples and Comparative Examples, “part” and
“%” are on mass basis unless otherwise specified particularly.

Evaluations of the obtained PVA (alkyl-modified PVA and
unmodified PVA) were made in accordance with the follow-
ing methods.

[Percentage of Modification]

Each percentage of modification involving the content of
the monomer unit (a) represented by the formula (I) in a PVA
(hereinafter, may be also referred to as “percentage of alkyl
modification (i.e., percentage of modification with alkyl)”)
and the content of the monomer unit (b) having a carboxyl
group (hereinafter, may be also referred to as “percentage of
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itaconic acid modification (i.e., percentage of modification
with itaconic acid)”) was determined in accordance with a
method in which proton NMR was used as described above.
[Degree of Polymerization)]

The degree of polymerization of a PVA was determined in
accordance with the method described in JIS-K6726.
[Degree of Saponification]

The degree of saponification of a PVA was determined in
accordance with the method described in JIS-K6726.

[Water Solubility]

A PVA in an amount of 4 g was added to 96 g of distilled
water at room temperature, and the mixture was stirred for 30
min. The temperature of the aqueous PVA solution thus
obtained was elevated to 90° C. and the mixture was stirred
for 1 hour at the same temperature, followed by cooling to the
room temperature, and filtered through a wire mesh of 105
mm ¢. After the filtration, the wire mesh was dried at 105° C.
for 3 hours, and cooled to the room temperature in a desicca-
tor. Then the mass was measured to determine an increase in
the mass of the wire mesh after the filtration. The increase in
the mass of the wire mesh after the filtration was defined as a
(g), and the undissolved matter content (%) was calculated
according to the following formula:

undissolved matter content(%)={a(g)/4(g) }x{100/net
(%)}x100.

It is to be noted that in the formula used for calculating the
undissolved matter content, “net (%)” is a value derived using
the following formula:

net(%)={mass(g) of PVA dried at 105° C. for 3 hours/
mass(g) of PVA before drying}x100.

The undissolved matter content (%) calculated according
to the above formula was evaluated based on the following
criteria:

A less than 0.01%;

B: no less than 0.01% and less than 0.1%;

C: no less than 0.1% and less than 0.5%;

D: no less than 0.5% and less than 1.0%; and

E: no less than 1.0%.

[Water Resistance of Coating Film Composed of PVA]

An aqueous PVA solution having a concentration of 4%
was prepared, and subjected to flow casting on a polyethylene
terephthalate (PET) film at 20° C. to obtain a coating film
having a thickness of 40 pm. The coating film thus obtained
was cut into a piece having a size of a length being 5 cm and
awidth being 5 cm to produce a test piece. The mass (mass A)
of'the test piece was then measured. After being immersed in
distilled water at 20° C. for 24 hours, this test piece was
recovered and the moisture attached to the surface was wiped
off using a gauze, followed by drying at 105° C. for 16 hours,
and thereafter measuring the mass (mass B). The moisture
content of the coating film before the immersion was defined
as C (% by mass), and the elution percentage (%) was deter-
mined according to the following formula:

elution percentage(%)=[(1-B)/{(1-C/100)x4 } /%100

Thus evaluation was made based on the following criteria.
The moisture content of the coating film before the immer-
sion was determined beforehand on the coating film before
the immersion which had been otherwise cut out and dried at
105° C. for 4 hours.

A: less than 5.0%;

B: no less than 5.0% and less than 10.0%;

C: no less than 10.0% and less than 20.0%; and

D: no less than 20.0%, or recovery failed due to dissolution
of'the test piece.
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Example 1

Production of PVA 1

Into a 3 L reaction vessel equipped with a stirrer, a reflux
condenser, a nitrogen inlet tube, a comonomer dripping port
and an addition port of the initiator were charged 750 g of
vinyl acetate, 250 g of methanol and 1.1 g of N-octadecyl-
methacrylamide. Replacement with nitrogen gas in the sys-
tem was carried out for 30 min by bubbling nitrogen. Also, a
comonomer solution was prepared as a delay solution by
dissolving N-octadecylmethacrylamide in methanol to give a
concentration of 5%, and the comonomer solution was sub-
jected to replacement with nitrogen gas by bubbling of nitro-
gen gas. Elevation of the temperature of the reaction vessel
was started, and 0.25 g of 2,2'-azobisisobutyronitrile (AIBN)
was added to initiate the polymerization when an internal
temperature of 60° C. was attained. Polymerization was
allowed at 60° C. for 3 hours while adding the delay solution
dropwise to the reaction vessel such that the monomer com-
position was kept constant in the polymerization solution,
followed by cooling to stop the polymerization. The total
amount of the comonomer added until the polymerization
was stopped was 4.8 g. In addition, the solid content concen-
tration was 29.9% when the polymerization was stopped.
Subsequently, unreacted vinyl acetate monomer was elimi-
nated while adding methanol at 30° C. under a reduced pres-
sure at intervals to obtain a methanol solution of an alkyl-
modified vinyl acetate copolymer (alkyl-modified PVAc)
(concentration: 35%). Furthermore, 27.9 g of an alkali solu-
tion (10% sodium hydroxide solution in methanol) was added
to 771.4 g of a methanol solution of the alkyl-modified PVAc
(containing 200.0 g of the alkyl-modified PVAc in the solu-
tion) prepared by adding methanol to allow for saponifica-
tion. In this process, the concentration of the alkyl-modified
PVAc in the saponification solution was 25%, and the molar
ratio of sodium hydroxide to vinyl acetate unit in the alkyl-
modified PVAc was 0.03. Gelatinous matter was produced
about 1 min after the alkali solution was added. The gelati-
nous matter was ground with a grinder, and left to stand at 40°
C. for 1 hour to allow saponification to proceed. Thereafter,
500 g of methyl acetate was added to neutralize remaining
alkali. After confirming the completion of neutralization
using a phenolphthalein indicator, the mixture was filtered to
obtain a white solid. To the white solid was added 2,000 g of
methanol, and left to stand at room temperature for 3 hours to
permit washing. After this washing operation was repeated
three times, white solid obtained by deliquoring through cen-
trifugation was left to stand in a dryer at 65° C. for 2 days,
whereby an alkyl-modified PVA (PVA 1) was obtained.

Examples 2 to 15 and Comparative Examples 1 to 5
Production of PVAs 2 to 15 and PVAsito v

Various types of alkyl-modified PVA (PVAs 2 to 15 and
PVAs i to v) were produced in accordance with a similar
method to that of Example 1 except that polymerization con-
ditions such as the amount of vinyl acetate and methanol
charged, and the type and the amount of addition of the
unsaturated monomer having an alkyl group used in polymer-
ization, as well as saponification conditions such as the con-
centration of the alkyl-modified PVAc, and the molar ratio of
sodium hydroxide to the vinyl acetate unit in saponification,
and the like were changed as shown in Table 1.
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Example 16

Production of PVA 16

Into a 3 L reaction vessel equipped with a stirrer, a reflux
condenser, a nitrogen inlet tube, a comonomer dripping port
and an addition port of the initiator were charged 750 g of
vinyl acetate, 250 g of methanol, 1.1 g of N-octadecyl-
methacrylamide and 0.7 g of itaconic acid. Replacement with
nitrogen gas in the system was carried out for 30 min by
bubbling nitrogen. Also, as delay solutions a comonomer
solutions was prepared by dissolving N-octadecylmethacry-
lamide in methanol to give a concentration of 5%, and, and a
comonomer solution was prepared by dissolving itaconic
acid in a methanol solution to give a concentration of 25%.
Then these comonomer solutions were subjected to replace-
ment with nitrogen gas by bubbling of nitrogen gas. Flevation
of the temperature of the reaction vessel was started, and 0.3
g of 2,2'-azobisisobutyronitrile (AIBN) was added to initiate
the polymerization when an internal temperature of 60° C.
was attained. Polymerization was allowed at 60° C. for 3
hours while adding the delay solution dropwise such that the
monomer composition (i.e., proportions of vinyl acetate,
N-octadecylmethacrylamide and itaconic acid) was kept con-
stant in the polymerization solution, followed by cooling to
stop the polymerization. The total amount of the N-octade-
cylmethacrylamide added until the polymerization was
stopped was 4.8 g, and the total amount of itaconic acid added
until the polymerization was 9.6 g. In addition, the solid
content concentration was 29.9% when the polymerization
was stopped. Subsequently, unreacted vinyl acetate monomer
was eliminated while adding methanol at 30° C. under a
reduced pressure at intervals to obtain a methanol solution of
an alkyl-itaconic acid-modified vinyl acetate polymer (alkyl-
itaconic acid-modified PVAc) (concentration: 35%). Further-
more, 93.2 g of an alkali solution (10% sodium hydroxide
solution in methanol) was added to 706.9 g of a methanol
solution of alkyl-itaconic acid-modified PVAc (containing
200.0 g of alkyl-itaconic acid-modified PVAc in the solution)
prepared by adding methanol to allow for saponification. In
this process, the concentration of the alkyl-itaconic acid-
modified PVAc in the saponification solution was 25%, and
the molar ratio of sodium hydroxide to vinyl acetate unit in
the alkyl-itaconic acid-modified PVAc was 0.1. Gelatinous
matter was produced about 1 min after the alkali solution was
added. The gelatinous matter was ground with a grinder, and
left to stand at 40° C. for 1 hour to allow saponification to
proceed. Thereafter, 500 g of methyl acetate was added to
neutralize remaining alkali. After confirming the completion
of neutralization using a phenolphthalein indicator, the mix-
ture was filtered to obtain a white solid. To the white solid was
added 2,000 g of methanol, and left to stand at room tempera-
ture for 3 hours to permit washing. After this washing opera-
tion was repeated three times, white solid obtained by deli-
quoring through centrifugation was left to stand in a dryer at
65° C. for 2 days, whereby an alkyl-itaconic acid-modified
PVA (PVA 16) was obtained.

Comparative Example 6
Production of PVA vi

Into a 3 L reaction vessel equipped with a stirrer, a reflux
condenser, a nitrogen inlet tube and an addition port of the
initiator were charged 750 g of vinyl acetate, 250 g of metha-
nol and 57.3 g of octadecyl vinyl ether. Replacement with
nitrogen gas in the system was carried out for 30 min by
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bubbling nitrogen. Elevation of the temperature of the reac-
tion vessel was started, and 1.0 g of 2,2'-azobisisobutyroni-
trile (AIBN) was added to initiate the polymerization when an
internal temperature of 60° C. was attained. After polymer-
ization was allowed at 60° C. for 2 hours, the mixture was
cooled to stop the polymerization. The solid content concen-
tration was 30.4% when the polymerization was stopped.
Subsequently, unreacted vinyl acetate monomer was elimi-
nated while adding methanol at 30° C. under a reduced pres-

22

Comparative Example 8
Production of PVA viii

Into a 3 L reaction vessel equipped with a stirrer, a reflux
condenser, a nitrogen inlet tube and an addition port of the
initiator were charged 900 g of vinyl acetate and 100 g of
methanol. Replacement with nitrogen gas in the system was
carried out for 30 min by bubbling nitrogen. Elevation of the
temperature of the reaction vessel was started, and 0.25 g of

sure at intervals to obtain a methanol solution of an alkyl- 10 2,2'-azobisisobutyronitrile (AIBN) was added to initiate the
modified vinyl acetate copolymer (alkyl-modified PVAc) polymerization when an internal temperature of 60° C. was
(concentration: 35%). Furthermore, 7.0 g of an alkali solution ~  attained. After polymerization was allowed at 60° C. for 3
(10% sodium hydroxide solution in methanol) was added to ~ hours, the mixture was cooled to stop the polymerization. The
792.9 g of a methanol solution of an alkyl-modified PVAc s solid content concentration was 31.0% when the polymeriza-
(containing 200.0 g of an alkyl-modified PVAc in the solu- tion was stopped. Subsequently, unreacted vinyl acetate
tion) prepared by adding methanol to allow for saponifica- monomer was eliminated Whlle adding methe}nol at 30° C.
tion. In this process, the concentration of the alkyl-modified under a reduced pressure at intery als to obtain a m.etha;lol
PVAc in the saponification solution was 25%, and the molar SOluEOH of polyvinyl ac;:tate (i(V ‘IA?C) (lc opcentrat(l)on. 3é).A’)'
ratio of sodium hydroxide to vinyl acetate unit in the alkyl- Furt ermore, 2.7'9 g ol an alkali solution (10% sodium
. . 20 hydroxide solution in methanol) was added to 971.1 g of a
modified P\.]AC was 0.0075..Ge1at1.nous matter was produce.d methanol solution of PVAc (containing 200.0 g of PVAc in
about l2ttm1n after theslkilﬁ 5011?“3“ Wasdeid?tid' "fhe dgiljg‘; the solution) prepared by adding methanol to allow for
Iéo.lilﬂz rniahglrl :Vtzsa%fgyvnt hg;apg I%i%gafiré) I?Itlo piocgesd?{}'h;lrea i gponiﬁcatign. Ig this process, the concentration of the PYAC
. e in the saponification solution was 20%, and the molar ratio of
ter, 590 g of methyl acetate was added {0 neutr alize femaining o sodium hydroxide to vinyl acetate unit in the PVAc was 0.03.
alkall. After conﬁrml.ng. the complethn of neutralization Gelatinous matter was produced about 1 min after the alkali
uiltng a phil}flphfh(;l?ntﬁldlcit,gr ’ thle? émxtur ZSVZS 2ﬁi)t(e):{)ed tc;ﬂ solution was added. The gelatinous matter was ground with a

obtain a white solid. To the white solid was adde 0 : ;
methanol, and left to stand at room temperature for 3, hourgs to %S;?g;’ ?CI)I (; rlgi‘tezodﬂ?ﬁgrzgig CS'O%rgl Ogﬁi:ﬁyﬁlgocvgtzgzgé
permlt. WaShm% Afte.r this Washlng operatlgn was repeated 30 added to neutralize remaining? alkali. After confirming the
th.ree times, white solid obtau.led by dehquonilg through cen- completion of neutralization using a phenolphthalein indica-
trifugation was left to .stand in a dryer a.t 65° C. fo.r 2 days, tor, the mixture was filtered to obtain a white solid. To the
whereby an alkyl-modified PVA (PVA vi) was obtained. white solid was added 2,000 g of methanol, and left to stand
at room temperature for 3 hours to permit washing. After this
Comparative Example 7 35 washing operation was repeated three times, white solid
obtained by deliquoring through centrifugation was left to
. . stand in a dryer at 65° C. for 2 days, whereby an unmodified

Production of PVA vii PVA (PVA viii) was obtained.
The degree of polymerization, the percentage of modifica-
An alkyl-modified PVA (PVA vii) was produced in accor- 40 tion, the degree of saponification and the water solubility of
dance with a similar method to that of Comparative Example each PVA obtained, and the water resistance of the coating
6 except that lauryl vinyl ether was used as the unsaturated film was evaluated in accordance with the methods described
monomer having an alkyl group. above. The results of evaluation are shown in Table 1.
TABLE 1

Saponification condition

Charge V NaOH

vinyl unsaturated monomer Percentage of PVAc molar

acetate methanol amount polymerization concentration  ratio 2

PVA (8 ® R R? (® (%) (%) —

Example 1 PVA 1 750 250  CygHs; CH 4.8 40 25 0.0300

Examgle 2 PVA2 850 150 CizH; CHz 49 30 25 0.0300

Example 3 PVA3 900 100 C;gHy; CH, 49 30 20 0.0300

Example 4 PVA 4 400 600  CygHs; CH, 3.4 50 30 0.0300

Example 5 PVAS 750 250 CygHy; CH, 4.8 40 25 0.0075

Example 6 PVA 6 750 250  CygHy; CH, 4.8 40 25 0.0070

Example 7 PVA 7 550 450  CygHs; CH, 3.6 40 25 0.0050

Example 8 PVA§ 750 250  CpHy, CH 12 40 25 0.0078

Examgle 9 PVA 9 750 250 CEHZ CHz 12.0 40 25 0.0070

Example 10  PVA 10 750 250 CpoHy,s CHs 3.8 40 25 0.0300

Example 11~ PVA 11 750 250  CgH;; CH 19.3 40 25 0.0068

Examgle 12 PVAIL2 750 250 c?oﬁ; CHz 3.6 40 25 0.0300

Example 13~ PVA 13 750 250 CyeHss CH 7.1 40 25 0.0300

Examgle 14  PVA1l4 750 250 Cj:Hji 0o 4.8 40 25 0.0075

Example 1S~ PVA 15 750 250 CygHy; CH, 3.6 40 25 0.0075

Example 16® PVA 16 750 250  CygHy; CH, 4.8 40 25 0.1000
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TABLE 1-continued
Comparative PVAi 100 900  CgH;; CH, 1.1 50 40 0.0300
Example 1
Comparative PVA QI 400 600  CigHy; CHj 3.4 50 30 0.0020
Example 2
Comparative PVA iii 750 250  CgH,; CH,; 42.1 40 25 0.0060
Example 3
Comparative PVA iv 750 250  CsH;; CH;, 2.4 40 25 0.0300
Example 4
Comparative PVA v 750 250 CyoHg CH;, 8.2 40 25 0.0300
Example 5
Comparative PVA vi 750 250 octadecyl 57.3 40 25 0.0075
Example 6 vinyl ether
Comparative PVA vii 750 250 lauryl vinyl 53.8 40 25 0.0075
Example 7 ether
Comparative PVA viii 900 100 35 20 0.0300
Example 8
Results of polymerization
percentage of degree of
polymerization  modification  saponification Water Water
degree (mol %) (mol %) solubility  resistance
Example 1 1,700 0.4 98.5 A A
Example 2 2,400 0.4 98.5 A A
Example 3 3,000 0.4 98.5 A A
Example 4 500 0.4 98.5 A A
Example 5 1,700 0.4 88 A B
Example 6 1,700 0.4 80 A C
Example 7 1,000 0.4 60 C D
Example 8 1,700 0.08 88 A C
Example 9 1,700 1.2 88 B B
Example 10 1,700 0.4 98.5 A B
Example 11 1,700 2.5 88 C B
Example 12 1,700 0.4 98.5 A B
Example 13 1,700 0.4 98.5 C A
Example 14 1,700 0.4 88 A B
Example 15 1,700 0.25 88 A C
Example 16 1,700 0.4/2.0% 98.5 A D
Comparative 100 0.4 98.5 A D
Example 1
Comparative 500 0.4 10 E —
Example 2
Comparative 1,700 55 88 E —
Example 3
Comparative 1,700 0.4 98.5 A D
Example 4
Comparative 1,700 0.4 98.5 E —
Example 5
Comparative 1,700 0.8 88 E —
Example 6
Comparative 1,700 1 88 E —
Example 7
Comparative 3,000 — 98.5 A D
Example 8

Dn Comparative Examples 6 and 7, 1.0 g of 2,2"-azobisisobutyronitrile (AIBN) was used as a polymerization
initiator. In Example 16, 0.3 g of AIBN was used. In other Examples and Comparative Examples, 0.25 g of AIBN was used.
2 molar ratio of sodium hydroxide (NaOH) to the vinyl acetate unit in the alkyl-modified PVAc

3

b percentage of alkyl modification/percentage of itaconic acid modification

As shown in Table 1, the alkyl-modified PVA of the present
invention was superior in water solubility, and had higher
water resistance as compared with the unmodified PVAs hav-
ing a comparable degree of polymerization (Example 3 and
Comparative Example 8). Moreover, the alkyl-modified PVA
of the present invention also had higher water solubility as
compared with the alkyl-modified PVA having a similar
length of the alkyl chain, and excellent handleability was
provided (Example 5 and Comparative Example 6). However,
in the cases in which: the degree of saponification was low
(Comparative Example 2); the percentage of modification
was high (Comparative Example 3); and the number of car-
bon atoms of the alkyl chain was greater than 29 (Compara-
tive Example 5), a large quantity of undissolved matter was
found in the aqueous solution. In addition, the alkyl-modified

polymerization carried out using vinyl acetate, N-octadecylmethacrylamide and itaconic acid

55

60

65

PVA into which the monomer unit (b) having a carboxyl
group was introduced was superior in water solubility but had
low water resistance (Example 16).

Examples 17 to 32 and Comparative Examples 9 to
16

Thickener and Composition

Using each PVA obtained as a thickener of Examples 17 to
32 and Comparative Examples 9 to 16, the following evalu-
ations were made. In addition, the composition containing the
thickener (PVA) was evaluated in accordance with the fol-
lowing methods. The results of evaluation are shown in Table
2.
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[Thickening Properties (Viscosity of Aqueous PVA Solu-
tion)]

In accordance with a similar method to that described
above, an aqueous PVA solution having a concentration of
4% was prepared, and a viscosity at a temperature of 20° C.
was measured using a B type viscometer at a number of
revolution of the rotor of 6 rpm.

[ Thickening Properties (Thickening Test of Ethylene-Vinyl
Acetate Copolymer Emulsion)]

To 100 parts of an ethylene-vinyl acetate copolymer emul-
sion (manufactured by Kuraray Co., Ltd., OM-4200NT; con-
centration: 55%) were added 20.6 parts of an aqueous PVA

10

26

[Storage Stability of Ethylene-Vinyl Acetate Copolymer
Emulsion]

The solution used for the thickening test was stored in a
dryer at 50° C., and the number of days required until sepa-
ration of the emulsion layer and the water layer was deter-
mined, and the evaluation was made based on the following
criteria:

A: no less than 30 days;

B: no less than 15 days and less than 30 days;

C: no less than 7 days and less than 15 days;

D: no less than 3 days and less than 7 days; and

E: less than 3 days.

TABLE 2
Results of polymerization Thickening Results of test on
Unsaturated percentage of  saponification property _addition of emulsion
monomer polymerization — modification degree viscosity?  thickening  storage
PVA R! R? degree (mol %) (mol %) (mPa - s) property  stability
Example 17 PVA1 CgH;; CH, 1,700 0.4 98.5 >100,000 A A
Example 18 PVA 2 CgH;; CH, 2,400 0.4 98.5 >100,000 A A
Example 19 PVA 3 CgH;; CH, 3,000 0.4 98.5 >100,000 A A
Example 20 PVA 4 1sHz7 CHj 500 0.4 98.5 320 D D
Example 21 PVA'S CgH;; CH, 1,700 0.4 88 >100,000 A A
Example 22 PVA 6 CgH;; CH, 1,700 0.4 80 >100,000 A A
Example 23 PVA 7 CgH;; CH, 1,000 0.4 60 4,000 C C
Example 24 PVA 8 CgHy;, CH, 1,700 0.08 88 700 D D
Example 25 PVA 9 CpHys CH, 1,700 1.2 88 85,000 B A
Example 26 PVA 10 CpHys CH, 1,700 0.4 98.5 10,000 B B
Example 27 PVA 11 CgH,; CH, 1,700 2.5 88 60,000 B B
Example 28 PVA 12 CoH,, CH, 1,700 0.4 98.5 1,000 C C
Example 29 PVA 13 CysHs3 CH, 1,700 0.4 98.5 >100,000 A A
Example 30 PVA 14 CigHy; H 1,700 0.4 88 >100,000 A A
Example 31 PVA 15 CgH;; CH, 1,700 0.25 88 >100,000 A A
Example 32 PVA16  CHy;, CH; 1,700 0.4/20% 98.5 >100,000 A A
Comparative PVA i CgH;; CH, 100 0.4 98.5 30 E E
Example 9
Comparative PVAii CgHz; CH; 500 0.4 10 — — —
Example 10
Comparative PVA iii CgH,;; CHj; 1,700 55 88 — — —
Example 11
Comparative PVA iv CsH,, CH; 1,700 0.4 98.5 60 E E
Example 12
Comparative PVA v CioHg; CHj 1,700 0.4 98.5 — — —
Example 13
Comparative PVA vi octadecyl 1,700 0.8 88 — — —
Example 14 vinyl ether
Comparative PVA vii lauryl vinyl 1,700 1 88 — — —
example 15 ether
Comparative PVA viii — 3,000 — 98.5 20 E E
Example 16

D thickening test of ethylene-vinyl acetate copolymer emulsion

2 measurement limit of the viscosity being 100,000 mPa - s
3
4

solution having a concentration of 4% (the solid content of
PVA being 1.5 parts with respect to 100 parts of the solid
content of the emulsion) and 2.4 parts of water to produce a
mixed solution of PVA and the emulsion having a concentra-
tion of 45%, and a viscosity at a temperature of 20° C. was
measured using a B type viscometer ata number of revolution
of the rotor of 6 rpm. The evaluation was made based on the
following criteria:

A: no less than 10,000 mPa-s;

B: no less than 5,000 mPa-s and less than 10,000 mPa-s;
C: no less than 1,000 mPa-s and less than 5,000 mPa-s;
D: no less than 500 mPa-s and less than 1,000 mPa-s; and
E: less than 500 mPa-s.
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polymerization carried out using vinyl acetate, N-octadecylmethacrylamide and itaconic acid
percantage of alkyl modification/percentage of itaconic acid modification

Itis to be noted that “-”” in Table 2 denotes that PVA was not
completely dissolved, indicating unfavorability as a thick-
ener.

As shown in Table 2, the alkyl-modified PVA contained in
the thickener of the present invention has more superior thick-
ening property as compared with the unmodified PVA having
a comparable degree of polymerization. Thus, very superior
performances can be achieved in terms of storage stability
and thickening effects of the emulsion (i.e., composition).
Furthermore, also when compared with the alkyl-modified
PVA having a similar length of the alkyl chain (Comparative
Example 14), the alkyl-modified PVA contained in the thick-
ener of the present invention has higher water solubility, and
excellent handleability as a thickener was provided. However,
in the case in which the alkyl chain has more than 29 carbon
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atoms (i.e., Comparative Example 13) and the like, a large
quantity of undissolved matter remained in the aqueous solu-
tion, whereby unsuitability as a thickener was ascertained.
[Adhesion Test of Wood Building Material]

To a PVAc emulsion stabilized with “POVAL” PVA-217
manufactured by Kuraray Co., Ltd. (including 7.5 parts of
PVA-217 added to 100 parts of PVAc) was added the PVA 14
to produce an aqueous emulsion adhesive having a total solid
content of 35%, a viscosity at 20° C. and at 6 rpm of 10,000
mPa-s, and containing 4 parts of phenoxyethanol with respect
to 100 parts of PVAc.

The aqueous emulsion adhesive in an amount of 200 g/m?
was coated on a hemlock timber, and immediately a piece of
hemlock timber of the same type was pasted thereon, fol-
lowed by clamping under a pressure of 7 kg/cm? for 24 hours.
Thereafter, the pressure was released, and aging was carried
outat20° C. and 65% RH for 7 days to produce ten test pieces.
Of'these, five test pieces were used to determine the compres-
sion shear strength in accordance with JIS K-6852, revealing
the adhesion strength of 118.3 kg/cm?, accompanied by mate-
rial fracture of all test pieces used. In addition, the remaining
five test pieces were immersed in water at 30° C., and there-
after the compression shear strength was similarly deter-
mined, revealing the adhesion strength of 21.4 kg/cm?.

In addition, when the adhesion test of the wood building
material was performed in accordance with a similar manner
to the method described above except that PVA 15 was not
added, and that only a PVAc emulsion containing 4 parts of
phenoxyethanol was used, the adhesion strength was 113.0
kg/em?® (all accompanied by material fracture), and 22.8
kg/cm?, respectively.

In general, when an urethane or cellulosic compound is
added to an emulsion, water resisting adhesion strength is
lowered. However, even though the alkyl-modified PVA of
the present invention was thus added to the emulsion, lower-
ing of the water resisting adhesion strength was scarcely
found.

Examples 33 to 48 and Comparative Examples 17 to
24

Coating Material for Papers

Using each PVA obtained, coating materials for papers of
Examples 33 to 48 and Comparative Examples 17 to 24 were
obtained in accordance with the following method. Each
coating material for papers obtained was evaluated according
to the following method. The results of evaluation are shown
in Table 3.

[Production of Thermal Paper Over Coating Layer|

Aluminum hydroxide powder (manufactured by Showa
Denko K.K., HIGILITE™ H42) in an amount of 90 g was
charged into 210 g of distilled water, and the mixture was
stirred by hand. Thereafter, the mixture was stirred using a
homomixer (manufactured by IKA-Labortechnik, type T-25-
SI) at a rotation speed of 13,500 rpm for 5 min to prepare a
dispersion liquid of aluminum hydroxide (aluminum hydrox-
ide concentration: 30%). Separately therefrom, each PVA
obtained was dissolved in hot water at 95° C., whereby an
aqueous PVA solution having a concentration of 4% was
prepared. Next, 150 g of the aqueous PVA solution was added
to 20 g of the dispersion liquid of the aluminum hydroxide,
and both solutions were admixed homogeneously, followed
by adding distilled water to give a solid content concentration
of 4%, whereby a coating material was obtained. Subse-
quently, the coating material was hand coated on the surface
of'a commercially available thermal paper (manufactured by
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KOKUYO Co., Ltd) using a wire bar No. 60 (manufactured
by ETO), and thereafter the coated surface was dried using a
hot-air dryer at 50° C. for 1 hour. Next, the dried thermal
paper was left to stand in a room in which the temperature had
been adjusted to 20° C. and the relative humidity had been
adjusted to 65% for 3 hours to give a sample for evaluation of
characteristics (water resistance, blocking resistance) of the
thermal paper over coating layer formed from the coating
material.

[Water Resistance]

After the sample was immersed in water at 20° C. for 10
min, the coated surface was rubbed with a finger ten times,
and the state of abrasion caused on the surface was observed.
The water resistance of the layer formed from the coating
material was evaluated with respect to the observed state,
based on the following criteria on a scale of five:
(Evaluation Criteria of Water Resistance)

5: any abrasion on the surface not observed;

4: abrasion on the surface slightly observed;

3: abrasion on the surface somewhat observed;

2: abrasion on the surface significantly observed; and

1: abrasion on almost the entire surface observed.
[Blocking Resistance (Surface Water Resistance)]

After the sample was left to stand in an atmosphere of 40°
C. for 72 hours, the sample was cut into a square of 5x5 cm.
Next, after one drop (about 30 uL.) of water was placed on the
coated surface, other sample on which a water droplet was not
placed was overlaid such that the coated surfaces were
brought into contact, and air drying was allowed. After dry-
ing, the samples were detached away, and the state of abrasion
was observed. The blocking resistance of the layer formed
from the coating material was evaluated with respect to the
observed state, based on the following criteria on a scale of
three:

(Evaluation Criteria of Blocking Resistance)

3: spontaneously detached without need of particularly
directing force;

2: the surfaces partially adhered, without occurrence of
breaking, etc., of the sample; and

1: the surfaces adhered, with occurrence of breaking of'the
sample upon detachment.

[Production of Ink Jet Recording Paper]

Using each PVE obtained, 1,000 g of an aqueous solution
having a solid content concentration of 4% was prepared, and
the aqueous PVA solution was added to 1,000 g of a disper-
sion liquid of silica prepared by a gas-phase process (Aerosil
A300: manufactured by NIPPON AEROSIL CO., LTD.) hav-
ing a solid content concentration of 20%. A dispersion liquid
was obtained by intimately stirring the mixture. Thereafter,
distilled water was added to prepare a coating liquid (coating
material for papers) having a solid content concentration of
12% by mass. A solution viscosity of the coating liquid mea-
sured using a B type viscometer at a number of revolution of
the rotor of 6 rpm, under a condition involving a temperature
0f20° C. was 100 mPa-s. On the surface of a PET film which
had been subjected to a corona treatment, the coating liquid
was coated using a Meyer bar such that the amount of coated
material after drying was 15 g/m? at 30° C., and dried using a
hot-air dryer at 150° C. for 3 min, whereby an ink jet record-
ing paper was produced.

[Evaluation of Ink Jet Recording Paper]

An ink jet recording paper was produced in accordance
with the method described above, and generation of crack(s)
of an ink receiving layer thereof was evaluated based on the
following criteria.
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[Crack] 5: no less than 50,000 sec;
The surface of the ink receiving layer was observed under 4: no less than 30,000 sec and less than 50,000 sec;
an optical microscope at 100x magnification, and evaluated 3: no less than 10,000 sec and less than 30,000 sec;
based on the following criteria on a scale of five: 2: no less than 1,000 sec and less than 10,000 sec; and
5: any crack on the surface not observed; 5 1: less than. 1,000 sec. . .
[Comprehensive Evaluation of Coating Material for Papers]
4: crack scarcely observed on the surface; hensi luation: hensi luati
3. ks partiall ted on the surface: Comp.re ensive evaluation: A comprehensive evaluation
- cracks partially generated on the surlace; was carried out based on the total score from the aforemen-
2: a large number of cracks gener ated on the surface; and tioned four evaluation items, and the results of the evaluation
1: cracks generated on the entire surface. 1o Were defined as performance evaluation of the PVAs.
[Production of Base Paper of Release Paper] Example 33 in which PVA 1 was used exhibited the score of
The aqueous PVA solution having a concentration of 4% 15. Tt is to be noted that the PVAs were evaluated as: accept-
(coating material for papers) was hand coated on a semi- able when the score was no less than 10; and unacceptable
glassine paper having a basis weight of 80 g/m? and an air when the score was less than 10.
TABLE 3
Results of polymerization Thermal paper
Unsaturated percentage of degree of evaluation Ink jet Release
monomer degree of modification  saponification water blocking  paper paperair  Total
PVA R! R? polymerization (mol %) (mol %) resistance resistance crack permeability score
Example33  PVA1 C,sHs; CH, 1,700 0.4 98.5 5 3 3 4 15
Example 34  PVA2 C,sHy; CH, 2,400 0.4 98.5 5 3 4 5 17
Example 35  PVA3 C,sHy; CH, 3,000 0.4 98.5 5 3 5 5 18
Example 36  PVA 4 C,sHs; CH, 500 0.4 98.5 4 3 2 3 12
Example 37  PVAS C,sHy; CH, 1,700 0.4 88 4 2 4 4 14
Example 338~ PVA6 C,sHy; CH, 1,700 0.4 80 3 2 4 4 13
Example 39  PVA7  CH,, CH, 1,000 04 60 2 2 3 3 10
Example40  PVA 8 C,sHy; CH, 1,700 0.08 88 3 2 2 3 10
Example4l  PVAO CH,s CH, 1,700 1.2 88 4 2 4 5 15
Example42  PVA10  CpH,; CH, 1,700 0.4 98.5 4 3 3 4 14
Example 43 PVA 11 CgH,; CH; 1,700 25 88 4 3 5 5 17
Example44  PVA12  C,H, CH, 1,700 0.4 98.5 5 3 3 4 15
Example45  PVA13 Gy, CH, 1,700 0.4 98.5 5 3 3 5 16
Example46 ~ PVA14  CgH,, H 1,700 0.4 88 4 2 4 5 15
Example 47  PVA15  CH,, CH, 1,700 0.25 88 3 2 3 3 11
Example 48 V' PVA 16  C;gH;; CH, 1,700 0.4/2.02 98.5 2 2 3 3 10
Comparative ~ PVA i C,sHy; CH, 100 0.4 98.5 1 1 1 1 4
Example 17
Comparative PVA ii CgH;; CH, 500 0.4 10 — — — — 0
Example 18
Comparative PVA iii CgH;; CHj; 1,700 55 88 — — — — 0
Example 19
Comparative ~ PVAiv  C.H,, CH, 1,700 04 98.5 2 1 2 3 8
Example 20
Comparative PVA v CioHg, CHj 1,700 0.4 98.5 — — — — 0
Example 21
Comparative PVA vi octadecyl 1,700 0.8 88 — — — — 0
Example 22 vinyl ether
Comparative PVA vii lauryl 1,700 1 88 — — — — 0
Example 23 vinyl ether
Comparative PVA viii 3,000 — 98.5 2 1 4 2 9
Example 24

D polymerization carried out using vinyl acetate, N-octadecylmethacrylamide and itaconic acid

2 percentage of alkyl modification/percentage of itaconic acid modification

permeability of 140 sec, using a Meyer bar such that the
amount of coated material was 0.1 g/m?, and dried using a
hot-air dryer at 110° C. for 1 min. Thereafter, the moisture
was conditioned at 20° C. and 65% RH for 72 hours, and a
super calendar treatment was carried out once under a condi-
tion involving 150° C., 250 Kg/cm and 10 m/min. The base
paper of a release paper thus obtained was subjected to an air
permeability test in accordance with the method described
below.

[Air permeability Test of Base Paper of Release Paper]

In accordance with JIS-P8117, the air permeability of the
base paper of a release paper was determined using Oken
Smoothness-Air permeability Tester, and evaluated based on
the following criteria on a scale of five.

55

60

65

Itis to be noted that “-”” in Table 3 denotes that PVA was not
completely dissolved, indicating unfavorability as a coating
material for papers.

The alkyl-modified PVA contained in the coating material
for papers of the present invention was superior in water
solubility, and had higher water resistance as compared with
the unmodified PVAs having a comparable degree of poly-
merization (Example 35 and Comparative Example 24).
Moreover, the alkyl-modified PVA of the present invention
also had higher water solubility as compared with the alkyl-
modified PVA having a similar length of the alkyl chain, and
excellent handleability as a coating material for papers was
provided (Comparative Example 22). Furthermore, in the
cases in which: the degree of saponification was low (Com-
parative Example 18); the percentage of alkyl modification
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was high (Comparative Example 19); and the number of
carbon atoms of the alkyl chain was greater than 29 (Com-
parative Example 21), a large quantity of undissolved matter
remained in the aqueous solution, whereby unsuitability as a
coating material for papers was ascertained.

Examples 49 to 64 and Comparative Examples 25 to
32

Adhesive
Each PVA shown in Table 4 in an amount of 40 parts was

added to 960 parts of ion exchanged water at a normal tem-
perature, and the temperature of the mixture was elevated to

10

32

open time: 1 sec;

pressure bonding time: 2 sec;

aging time: 1 sec, 3 sec, 5 sec, 10 sec;

adhesion area: | mmx25 mm, 8 points (2 cm? in total); and

temperature and humidity: 20° C. and 65% RH.
[Storage Stability]

The state after the adhesive was left to stand at 40° C. for 7
days was observed, and the evaluation was made from the
change of'the state after the storage as compared with the state
before the storage based on the following criteria:

A: separation and/or precipitation not found, without
change in the viscosity;

B: separation and/or precipitation slightly found, but
flowability present; and

95° C. while stirring for 1 hour. After maintaining the tem- 15

perature at 95° C. for 2 hours, the mixture was cooled while C: separation and/or precipitation found, or flowability
stirring to the normal temperature, whereby 4% aqueous PVA absent.

solutions were obtained, respectively. [Water Resistant Adhesiveness]

These aqueous PVA solutions were designated as adhe- The adhesive was coated on a kraft paper using a wire bar
sives of Examples 49 to 64 and Comparative Examples 25to 20 so as to provide a solid content of 10 g/m?, and a kraft paper
32, and evaluations of the initial adhesiveness, storage stabil- was pasted thereon. The kraft papers were aged at 20° C. and
ity and water resistant adhesiveness were made in accordance 65% RH for 24 hours, and thereafter immersed in water at 30°
with the following methods. The results are shown in Table 4. C. for 30 sec. After the kraft paper containing water was
[Initial Adhesiveness] briefly wiped using a filter paper to remove the moisture, the

Using an initial adhesion tester manufactured by Japan 5 peel strength at 180° of the adhesion layer was measured
Tobacco Inc., initial adhesive strength was measured under using an autograph, and evaluated based on the following
the following condition. criteria:

Condition: kraft paper/kraft paper adhesion; A: the kraft paper torn;
coating speed: 0.5 m/sec; B: no less than 1 kg/cm?; and
shear rate: 300 mm/sec; C: less than 1 kg/cm?.

TABLE 4

Results of polymerization

Unsaturated percentage of degree of Initial adhesive Water
monomer degree of modification saponification strength (g/cm) Storage resistant
PVA R! R? polymerization (mol %) (mol %) lsec 3sec Ssec 10sec stability adhesiveness
Example 49 PVA1 CgH3; CH; 1,700 0.4 98.5 15 70 280 500 A A
Example 50 PVA 2 CgH;; CH, 2,400 0.4 98.5 12 70 250 450 A A
Example 51 PVA 3 CgH3; CH; 3,000 0.4 98.5 5 30 150 300 A A
Example 52 PVA 4 CgH3; CH; 500 0.4 98.5 10 60 250 450 A A
Example 53 PVA'S CgH3; CH; 1,700 0.4 88 10 60 230 430 A B
Example 54 PVA 6 CgH;; CH, 1,700 0.4 80 5 20 150 320 A B
Example 55 PVA 7 CgH3; CH; 1,000 0.4 60 0 20 80 180 A C
Example 56 PVA 8 CgH3; CH; 1,700 0.08 88 5 20 100 200 A B
Example 57 PVA 9 CoHys CH, 1,700 1.2 88 10 50 200 400 A B
Example 58 PVA 10 C,H,s CH, 1,700 0.4 98.5 10 30 210 350 A A
Example 59 PVA 11 CgH,; CH;, 1,700 2.5 88 10 60 200 390 A B
Example 60 PVA 12 CioHy, CH;, 1,700 0.4 98.5 10 60 270 340 A A
Example 61 PVA 13 Cy6Hs; CHjy 1,700 0.4 98.5 12 70 270 490 A A
Example 62 PVA 14 CigH3; H 1,700 0.4 88 10 70 250 360 A B
Example 63 PVA 15 CgH3; CH; 1,700 0.25 88 10 60 250 400 A B
Example 64 ¥  PVA16  C;gH;; CH; 1,700 0.4/2.02 98.5 15 60 270 480 A C
Comparative PVA i CgH;; CH, 100 0.4 98.5 0 10 60 100 B C
Example 25
Comparative PVAii CgHz; CH; 500 0.4 10 — — — — — —
Example 26
Comparative PVA iii CgH,; CH, 1,700 5.5 88 — — — — — —
Example 27
Comparative PVA iv CsH;; CH; 1,700 0.4 98.5 0 10 80 170 A B
Example 28
Comparative PVA v CyoHg, CHj 1,700 0.4 98.5 — — — — — —
Example 29
Comparative PVA vi octadecyl 1,700 0.8 88 — — — — — —
Example 30 vinyl ether
Comparative PVA vii lauryl vinyl 1,700 1 88 — — — — — —
Example 31 ether
Comparative PVA viii — 3,000 — 98.5 7 30 130 280 C A
Example 32

b

2 percentage of alkyl modification/percentage of itaconic acid modification

polymerization carried out using vinyl acetate, N-octadecylmethacrylamide and itaconic acid.
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It is to be noted that ““-” in Table 4 denotes that PVA was not
completely dissolved, indicating unfavorability as an adhe-
sive.

Example 65

An adhesive was prepared by adding 8 parts of a clay
(Huber-900: kaolinite clay; mean particle diameter: 0.6 um,
manufactured by Huber Co.) as a filler to 100 parts of the 4%
aqueous solution of PVA 1 obtained in Example 49, and
stirring the mixture to allow the clay to be sufficiently dis-
persed. The solid content of the adhesive was 12.0%, and the
mass ratio of the solid content of PVA 1 to that of the clay was
100:200. Using the resulting adhesive, evaluations were
made on the initial adhesiveness, storage stability and water
resistant adhesiveness in accordance with the method
described above. The results are shown in Table 5.

Example 73

An adhesive was prepared by adding a clay similarly to
Example 65 except that the aqueous solution of PVA 16
obtained in Example 64 was used in place of the aqueous
solution of PVA 1. The solid content of the adhesive was
12.0%, and the mass ratio of the solid content of PVA 16 to
that of the clay was 100:200. Using the resulting adhesive,
evaluations were made on the initial adhesiveness, storage
stability and water resistant adhesiveness in accordance with
the method described above. The results are shown in Table 5.

Comparative Example 33

An adhesive was prepared by adding a clay similarly to
Example 65 except that the aqueous solution of PVA viii
obtained in Comparative Example 32 was used in place of the
aqueous solution of PVA 1. The solid content of the adhesive
was 12.0%, and the mass ratio of the solid content of PVA viii
to that of the clay was 100:200. Using the resulting adhesive,
evaluations were made on the initial adhesiveness, storage
stability and water resistant adhesiveness in accordance with
the method described above. The results are shown in Table 5.

Example 66

Into a glass polymerization vessel equipped with a reflux
condenser, a dripping funnel, a thermometer, a nitrogen inlet
port and a blade having a shape like a ship anchor weight were
charged 450 parts of ion exchanged water and 32 parts of
PVA-117 (Manufactured by Kuraray Co., L.td.), and dissolu-
tion was permitted at 95° C. Next, after the aqueous PVA-117
solution was cooled and subjected to replacement with nitro-
gen gas, 40 parts of vinyl acetate were charged while stirring
at 140 rpm. The temperature was elevated to 60° C., and then
polymerization was started in the presence of a redox initiator
system involving hydrogen peroxide/tartaric acid. After 15
min from the time point when the polymerization was started,
360 parts of vinyl acetate were continuously added over 3
hours. Thus, the polymerization was completed to obtain an
emulsion of a vinyl acetate polymer (PVAc). The initiator
used included 30 g ofa 1% hydrogen peroxide solution and 10
g of a 5% aqueous tartaric acid solution. The resulting PVAc
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emulsion had a solid content concentration of 46.8%. An
adhesive was prepared by mixing 100 parts of the 4% aqueous
solution of PVA 1 obtained in Example 49 and 34.1 parts of
the PVAc emulsion (mass ratio of the solid contents of PVA 1
to PVAc being 100:400). Using the resulting adhesive, evalu-
ations were made on the initial adhesiveness, storage stability
and water resistant adhesiveness in accordance with the
method described above. The results are shown in Table 5.

Example 74

An adhesive was prepared in a similar manner to Example
66 except that the aqueous solution of PVA 16 obtained in
Example 64 was used in place of the aqueous solution of PVA
1 (mass ratio of the solid contents of PVA 16 to PVAc being
100:400). Using the resulting adhesive, evaluations were
made on the initial adhesiveness, storage stability and water
resistant adhesiveness in accordance with the method
described above. The results are shown in Table 5.

Comparative Example 34

An adhesive was prepared in a similar manner to Example
66 except that the aqueous solution of PVA viii obtained in
Comparative Example 32 was used in place of the aqueous
solution of PVA 1 (mass ratio of the solid contents of PVA viii
to PVAc being 100:400). Using the resulting adhesive, evalu-
ations were made on the initial adhesiveness, storage stability
and water resistant adhesiveness in accordance with the
method described above. The results are shown in Table 5.

Example 67

A clay (Huber-900: kaolinite clay; mean particle diameter:
0.6 um, manufactured by Huber Co.) in an amount of 8 parts
was added to 100 parts of the aqueous solution of PVA 1
obtained in Example 49, and the mixture was stirred to allow
the clay to be sufficiently dispersed. To the dispersion liquid
were added 34.1 parts of the PVAc emulsion obtained in
Example 66, and mixed to prepare an adhesive (mass ratio of
the solid contents of PVA 1, PVAc and the clay being 100:
400:200). Using the resulting adhesive, evaluations were
made on the initial adhesiveness, storage stability and water
resistant adhesiveness in accordance with the method
described above. The results are shown in Table 5.

Example 75

An adhesive was prepared in a similar manner to Example
67 except that the aqueous solution of PVA 16 obtained in
Example 64 was used in place of the aqueous solution of PVA
1 (mass ratio of the solid contents of PVA 1, PVAc and the
clay being 100:400:200). Using the resulting adhesive, evalu-
ations were made on the initial adhesiveness, storage stability
and water resistant adhesiveness in accordance with the
method described above. The results are shown in Table 5.

Comparative Example 35

An adhesive was prepared in a similar manner to Example
67 except that the aqueous solution of PVA viii obtained in
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Comparative Example 32 was used in place of the aqueous
solution of PVA 1 (mass ratio of the solid contents of PVA viii,
PVAc and the clay being 100:400:200). Using the resulting
adhesive, evaluations were made on the initial adhesiveness,
storage stability and water resistant adhesiveness in accor-
dance with the method described above. The results are
shown in Table 5.

Examples 68 and 69

Each adhesives was obtained in a similar manner to
Example 67 except that calcium carbonate (Whiton P-30,
heavy calcium carbonate; mean particle diameter: 1.75 um,
manufactured by Shiraishi Kogyo Co., Ltd.) or an oxidized
starch (MS-3800, manufactured by NIHON SHOKUHIN
KAKO CO., LTD.) was used in place of the clay. Using the
resulting adhesive, evaluations were made on the initial adhe-
siveness, storage stability and water resistant adhesiveness in
accordance with the method described above. The results are
shown in Table 5.

Example 70

Into a glass polymerization vessel equipped with a reflux
condenser, a dripping funnel, a thermometer and a nitrogen
inlet port were charged 500 parts of ion exchanged water and
28 parts of polyvinyl alcohol having a mercapto group at an
end (M-205: degree of polymerization: 550; degree of saponi-
fication: 88.2 mol %, manufactured by Kuraray Co., [.td.),
dissolution was permitted at 95° C. Next, 20 g of methyl
methacrylate and 20 g of n-butyl acrylate were added thereto,
followed by replacement with nitrogen gas. Then the tem-
perature was elevated to 65° C., and 12 g of a 1% aqueous
potassium persulfate solution was added thereto to start the
polymerization. Furthermore, 180 g of methyl methacrylate
and 180 g of n-butyl acrylate were continuously added over 2
hours. The polymerization was completed in 4 hours to obtain
a methyl methacrylate/n-butyl acrylate copolymer (ACR)
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emulsion having a solid content concentration 0of45.1% and a
viscosity of 2,800 mPa-s. A clay (Huber-900: kaolinite clay;
mean particle diameter: 0.6 pum, manufactured by Huber Co.)
in an amount of 8 parts was added to 100 parts of the aqueous
solution of PVA 1 obtained in Example 49, and the mixture
was stirred to allow the clay to be sufficiently dispersed.
Thereto were added 35.4 parts of the ACR emulsion, and
mixed to prepare an adhesive (mass ratio of the solid contents
of PVA 1, ACR and the clay being 100:400:200). Using the
resulting adhesive, evaluations were made on the initial adhe-
siveness, storage stability and water resistant adhesiveness in
accordance with the method described above. The results are
shown in Table 5.

Example 71

An adhesive was prepared in a similar manner to Example
70 except that 29.0 parts of an ethylene-vinyl acetate copoly-
mer (VAE) emulsion (OM-4200NT; solid content concentra-
tion: 55.0%, Manufactured by Kuraray Co., Ltd.) were used
in place of the methyl methacrylate/n-butyl acrylate copoly-
mer (ACR) emulsion (mass ratio of the solid contents of PVA
1, VAE and the clay being 100:400:200). Using the resulting
adhesive, evaluations were made on the initial adhesiveness,
storage stability and water resistant adhesiveness in accor-
dance with the method described above. The results are
shown in Table 5.

Example 72

An adhesive was prepared in a similar manner to Example
70 except that 33.3 parts of a styrene-butadiene copolymer
(SBR) emulsion (NALSTAR SR-107; solid content concen-
tration: 48.0%, manufactured by Nippon A&L Inc.) were
used in place of the methyl methacrylate/n-butyl acrylate
copolymer (ACR) emulsion (mass ratio of the solid contents
of PVA 1, SBR and the clay being 100:400:200). Using the
resulting adhesive, evaluations were made on the initial adhe-
siveness, storage stability and water resistant adhesiveness in
accordance with the method described above. The results are
shown in Table 5.

TABLE 5
Adhesive Initial adhesive strength (g/cm) Water
emulsion filler pressure bonding time Storage resistant
PVA type part type part lsec 3sec Ssec 10sec stability adhesiveness
Example 65 PVA'1 absent — clay 200 20 120 370 550 A A
Example 66 PVA1 PVAc 400 absent — 15 110 360 530 A A
Example 67 PVA1 PVAc 400 clay 200 25 140 400 600 A A
Example 68 PVA1 PVAc 400 caleium 200 25 130 390 390 A A
carbonate
Example 69 PVA1 PVAc 400  oxidized 200 25 120 380 580 A A
starch

Example 70 PVA1 ACR 400 clay 200 20 100 360 390 A A
Example 71 PVA1 VAE 400 clay 200 25 140 400 610 A A
Example 72 PVA1 SBR 400 clay 200 20 110 350 580 A A
Example 73 PVA 16 absent — clay 200 15 110 360 540 A C
Example 74 PVA 16 PVAc 400 absent — 10 100 350 520 A C
Example 75 PVA 16 PVAc 400 clay 200 20 130 390 580 A C
Comparative PVAviii  absent — clay 200 15 100 320 500 C B
Example 33

Comparative PVAviii PVAc 400 absent — 15 90 250 340 B B
Example 34

Comparative PVAviii PVAc 400 clay 200 15 120 350 420 B B

Example 35
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Asis seen from the results shown in Table 4 and Table 5, the
adhesive of the present invention was superior in the initial
adhesiveness and storage stability. Furthermore, it is proven
that superior water resistant adhesiveness can be also
achieved by adjusting the degree of saponification of the
alkyl-modified PVA employed, the content of the monomer
unit (a) represented by the above general formula (I) (i.e.,
percentage of alkyl modification), the content of a monomer
unit (b) having a carboxyl group (i.e., percentage of itaconic
acid modification), and the like.

Examples 76 to 90 and Comparative Examples 36 to

10
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week to obtain each PVA film of Examples 76 to 90 and
Comparative Examples 36 to 43. Each PVA film had a thick-
ness of 100 um. Each of the resulting films was evaluated in
accordance with the following methods. The results of evalu-
ation are shown in Table 6.
[Tactile Sensation of Film]

Tactile sensation of the resulting PVA film was compared
with a film which had been similarly produced using “PVA-
117” manufactured by Kuraray Co., Ltd., and the evaluation
was made based on the following criteria:

A: being flexible similarly to PVA-117;

B: being somewhat harder than PVA-117 and fragile; and

43 C: being markedly harder than PVA-117 and fragile.
15 [Measurement of Film Contact Angle]
Film A contact angle of the resulting PVA film was measured
using a solid-liquid interface analysis instrument, Drop Mas-
In a similar manner to the test on water solubility of PVA ter 500 manufagtured by Kyowa Interface Science? Co, LT].)'f
. . . and the evaluation was made based on the following criteria:
des.cnbed above, an aqueous PVA sqlutlon having a concen- . A: 1o less than 90°;
tration of 4% was each prepared using each PVA shown in B: no less than 85° and less than 90°;
Table 6. Each aqueous PVA solution was flow castedona PET C: no less than 80° and less than 85°;
film, followed by drying under a condition involving a tem- D: no less than 70° and less than 80°; and
perature of 20° C. and a relative humidity of 65% for one E: less than 70°.
TABLE 6
Results of polymerization Results of film
Unsaturated percentage of degree of evaluation
monomer degree of modification  saponification tactile contact
PVA R! R? polymerization (mol %) (mol %) sensation  angle
Example 76  PVA1 CHy, CH, 1,700 0.4 98.5 A A
Example 77 PVA2 CH, CH, 2,400 0.4 98.5 A A
Example 78  PVA3 CH,, CH, 3,000 0.4 98.5 A A
Example 79  PVA4 CH, CH, 500 0.4 98.5 B A
Example 80  PVAS CH,, CH, 1,700 0.4 88 A B
Example 81 PVA 6 CH, CH, 1,700 0.4 80 A B
Example 82  PVA7 CH, CH, 1,000 0.4 60 B B
Example 83  PVAS CHy, CH, 1,700 0.08 88 A C
Example 8  PVAO CpH,s CH, 1,700 12 88 B B
Example 85  PVA10  C,H,s CH, 1,700 0.4 98.5 A B
Example 8  PVA1l  CgH,;, CH, 1,700 2.5 88 B C
Example 87  PVA12  Cy,, CH, 1,700 0.4 98.5 A B
Example 88  PVA13  Cylls; CH, 1,700 0.4 98.5 A A
Example 8  PVA14  CuH,, H 1,700 0.4 88 A B
Example 90 ¥ PVA16  C;gH;, CH; 1,700 0.4/2.02 98.5 A E
Comparative ~ PVA i CsH,, CH, 100 0.4 98.5 C D
Example 36
Comparative PVA ii CgH;; CH, 500 0.4 10 — —
Example 37
Comparative PVA iii CgH,; CH, 1,700 5.5 88 — —
Example 38
Comparative PVA iv CsH,, CH, 1,700 0.4 98.5 A E
Examols 39
Comparative PVA v CyoHg; CHj 1,700 0.4 98.5 — —
Example 40
Comparative PVA vi octadecyl 1,700 0.8 88 — —
Example 41 vinyl ether
Comparative PVA vii lauryl 1,700 1 88 — —
Example 42 vinyl ether
Comparative PVA viii — 3,000 — 98.5 A E
Examcle 43

b

polymerization carried out using vinyl acetate, N-octadecylmethacrylamide and itaconic acid.

2 percentage of alkyl modification/percentage of itaconic acid modification
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Itis to be noted that “-” in Table 6 denotes that PVA was not
completely dissolved, indicating unfavorability as a material
of films.

The film produced using the alkyl-modified PVA of the
present invention had a higher contact angle relative to water,
as compared with the unmodified PVA (Example 78 and
Comparative Example 43). Also, the alkyl-modified PVA of
the present invention had higher water solubility as compared
with the alkyl vinyl ether-modified PVA having a similar
length of the alkyl chain, and excellent handleability as an
aqueous solution was provided (Example 80 and Compara-
tive Example 41). However, in the case in which the degree of
polymerization is low, the state of the film was inferior (Com-
parative Example 36), whereas when the number of carbon
atoms of the alkyl chain is greater than 29, a large quantity of
undissolved matter was found in the aqueous solution (Com-
parative Example 40). In addition, although the alkyl-modi-
fied PVA to which 2.0 mol % itaconic acid unit was intro-
duced was superior in water solubility, a low contact angle
was exhibited (Example 90).

INDUSTRIAL APPLICABILITY

As explained in the foregoing, the alkyl-modified PVA of
the present invention can exert superior thickening property
while maintaining high water solubility, and can have supe-
rior water resistance in a state being hardened. Therefore, the
alkyl-modified PVA can be suitably used for thickeners, coat-
ing materials for papers, adhesives, film, and the like.

The composition of the present invention can be suitably
used as, for example, a coating material for papers (clear
coating agent, pigment coating agent, internal sizing agent,
binder for over coating of thermal papers, etc.), a binder, an
adhesive, a fiber sizing agent, and the like. The thickener of
the present invention can be suitably used as a thickener for
use in water-based solutions and water-based emulsion solu-
tions such as paints, cements, concretes, binders, adhesives
and cosmetics. The coating material for papers of the present
invention can be suitably used for the production of coated
papers such as, for example, thermal papers, ink jet recording
papers, base papers of a release paper, and the like. The
adhesive of the present invention can be suitably used as an
adhesive for papers used in the production or use of corru-
gated cardboards, paper bags, paper boxes, paper tubes, wall
papers and the like, as well as an adhesive for woodworking
used of adhering wood building materials with one another, a
wood building material with fibers, a wood building material
with a paper, and a wood building material with a plastic.
Also, the adhesive of the present invention can be also used
for intended usage in which a target material of adhesion is
fibers such as a fabric or a nonwoven fabric, a cement molding
matter such as a concrete, any of various types of plastics, an
aluminum foil or the like. Moreover, the film of the present
invention can be suitably used as any of various types of
water-repellent coating materials, a surface covering mate-
rial, and the like.

The invention claimed is:

1. An alkyl-modified vinyl alcohol polymer, comprising no
less than 0.05 mol % and no greater than 5 mol % of a
monomer unit (a) represented by formula (I):
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wherein:
R! represents a linear or branched alkyl group having 8 to
29 carbon atoms;

R? represents a hydrogen atom or an alkyl group having 1

to 8 carbon atoms,

the alkyl-modified vinyl alcohol polymer has a viscosity

average degree of polymerization ofno less than 200 and
no greater than 5,000; and

the alkyl-modified vinyl alcohol polymer has a degree of

saponification of no less than 20 mol % and no greater
than 99.99 mol %.

2. The polymer according to claim 1, wherein R" is a linear
or branched alkyl group having 15 to 26 carbon atoms.

3. The polymer according to claim 1, wherein the degree of
saponification is no less than 60 mol % and no greater than
99.9 mol %.

4. The polymer according to claim 1, which is obtained by
saponification of a copolymer comprising an unsaturated
monomer represented by formula (II):
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and a vinyl ester monomer.

5. The polymer according to claim 1, further comprising
less than 0.1 mol % of a monomer unit (b) comprising a
carboxyl group.

6. A composition, comprising the alkyl-modified vinyl
alcohol polymer according to claim 1.

7. The composition according to claim 6, further compris-
ing water and an oil component, such that a content of the
alkyl-modified vinyl alcohol polymer with respect to 100
parts by mass of the oil component is no less than 0.1 parts by
mass and no greater than 50 parts by mass.

8. A thickener, comprising the alkyl-modified vinyl alcohol
polymer according to claim 1.

9. The thickener according to claim 8, further comprising
water or a water-containing solvent.

10. A coating material, comprising the alkyl-modified
vinyl alcohol polymer according to claim 1.

11. A coated paper provided with the coating material
according to claim 10 coated on a surface of a paper.

12. An adhesive, comprising the alkyl-modified vinyl alco-
hol polymer according to claim 1.

13. The adhesive according to claim 12, further comprising
a polymer in a state of an emulsion, said polymer obtained
from at least one monomer selected from the group consisting
of an ethylene unsaturated monomer and a diene monomer.

14. The adhesive according to claim 12, further comprising
a filler.

15. The adhesive according to claim 12, which is suitable
for papers or for woodworking.
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16. A film, comprising the alkyl-modified vinyl alcohol
polymer according to claim 1.
17. The film according to claim 16 having a contact angle
relative to water of no less than 70°.
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